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TRANGIENT ANALYSIS OF HEAT CONDUCTION
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AFFDI~TR-66-109 ’ I :
FOREWORD

This repoxrt was prepared by Thomss N, Bernsiein aand Bobert M. Engle, Jr., of ke
Theoretical Menhanics Branch, Struchives Division, Al Force Flight Dynamies Laboratory. .
The work was conduefed in house undsy Projest No, 1467, Struchural Anslysis Methods,”
Task No, 146702, “Thermeelastic Shructural Apalysis Methods,” and was administered by ’
the Air Foree Flight Dynemics Laborstury, Research and Techmology Division, Air Force

Systeras Command, Weight-Patterson Afr Force Base, Obio, Mr, Robert M, Bader is the

Projsct Engivesr administericg Froject No, 1487, ) .
This reporit covers research conducted from July 1964 fo July 1966. The manuscript vas

roleased by the sulhozs in Seplember 1966 for publication a4 2 iechaical report. - 3
Tale technical report bas heen reviewed and is approved,

Chief, ‘‘heoretien] Mechanics Branch
Structeres Division
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AFFDI~TR-66-108

ABSTRACT

The exact solution 45 & problom of conduction of haat through a slab iz doveloped, The
soluticn, formulated in torms of an infinite series, allows arbitrary initial conditions and
tima-dspendont woundary conditions, The eolution is programmed in FORTRAN IV for the
IBM 7024 B computsr. Soveral chock problems wexs zolved and ke resulis wore conpared
with those obiained from a finite difference hest trapsfer prograr,




T T R T T T T T T R e T T R W T Y Ry VTR W S Ty

-t
U

ST T = T e T g e TE—
ERIEE RS s Eér, TSR "é%i ?? E@%@.
oL e N

AFFDL~TR-66-109
CONTENTS

_SECTION : ’ - . PAGE
1 INTRODUCTION ) ‘ 1

. MATHEMATICAL FORMULATION

1
, o 1
Boundary Conditions
- Bteady-Etate Solution o ' . 2 o
TransientSolution ) - - -8 7
6
7

L] L]

.

Muodifization of Solution for Time Dependent Bonndary C:mdi“ons
Solution of Inifinl Corddition D"eb"om e

Unsteady State Solution i ; . )
Tmnsient SclLtion - : : . 7
Compiete Soluﬁon for the Gene"al Probiem

;

i

1

£

i

1

‘

i
%_
E
g
¥
37
=
&
%
=
s
=
ix

[

"

-

mw*mﬁpn&s»

)

,’?“

,m."A?pmcmms E - o - T

IV COMPUTER PROGRAM FOR SERIES TRANSIENT ANALYSIS OF SLAB o -3
T HEAT TPANSE‘ER{STASH) : I

- -_ L A Deseription ST 4/ - : S 5

B Bpe e a8
C. SampleProblem - - - __ . g

)
. .
1)
VN fl.i g : »mm«‘m& WW'WAWMQ%WHV“'lni‘f‘s&wx::y“ﬁ ;:,‘;gm o
! ' il ! ' \ ™ ! i ¢ "

<D Bestrotios - : . g

<
. 4?1,‘ o

A CONCLUSIONS T s TR g f
APPENDD{'I ‘COMPUTER PROGRAM | SOURCE usTING - om |-
APPENDmn: _EIGENVALUE susaommns S " | ’
- ) - o - ) }rr
APPENDIX Hi- RESULTS OF CHECK PROBLEMS . . 45
¥
|
- v
= . - -‘i ]




"L

Tempem*ure Prefiles (Casp 5) '

7 ILLUSTRATIONS

Gaomé‘.ﬁce;i Rapresentation 7
qm?tphiféed Flow Chart of Transfar of Inforrmtion - t
. Izqmt Data: Fo*m&t

Samsle Problem Data Qeck

. ngple Quigu‘ {Caze 4}§imwlng Display- of  Tnput Pata
Sampls Ou‘b;rﬁ(Case 4)5!}0%'12;2, E;n gonvalus. Solution o
: ..,ampqe eutput {Case: Q*Showm,, Intermedmte Print

Temper&hu'e‘?rt)iﬁes xCasai} - B
;'I‘emperatmga Profiles (Q?.s;e‘zf" : -

Teﬁgeramsfm:fnes (éé.sfe‘éy BRI
Temﬁa“at‘ure:&oﬁles (Case 43

Systems of Unijawred Intezmauy

II wmpaﬁaozzofbatafor Casel ~ . . = - T

IH
-nt

v

Compnrison afBata fos Case 2 .-
Compari.,en oxjﬂeda forCase 3
Gonf.parisonzof Data :{'ox:t cﬁ:.ge-iv -

e e

N
-3
L S R A AR i e e 2

11
8L
55

z VAsé,

Vi Ccmﬁarf%nc_sf“ﬁa'ta_xbrﬁase:{3-“ - . 49
vi i
- ) h “ Z : -4




_ AFFDL-TR-66-109

 MATH SYMBOL
A ARG A

B, B,8,,B,

S TR
R

’ VN - — :A - -7—-‘— ]
S T

SYMBOLS

FORTRAN SYMBOL

) ktexminantez‘ Kﬁ‘s 7

. Particular velue of n

- . condition'problent ..

-

PHYSICAL DE FINITION

Coafficients of Steady
State Solution

Coefficients of Steady
Stat_e S:}ution

". Constants of Integration

“Specific keat

Boundary condition A
congtants
Initial c:;:v;xditions
' Thermat conductivity
i Boundary ,;:ondiﬁén

ixﬁiéators

 length

é‘ﬁnmatloazigéex =
Time -
Steady state sa?a@,,;s :

“Prapsientsofutions - ¢

$olution-of init{sy

o

Complete problem =% %o

gohition

-(frogs~sectional
area-of slab

‘Distance .

P

2z} g j Assumed golutigﬁ o PR
" - - - : iv ‘ .




Pgimas ﬁénote diﬂ'srentiafmn '

AFFDL-TR-(5-105

MATH SYMBOL

¥n ~
f_" Zﬁ:

.

@z Kip % :

2,8,
oA - i

N
. F .

%m '

G :
By -
Sibserists .

B .
o :

iahz@&mﬂ

 SYHBOLS (Cont'a)

Rl ~‘,:A
T'; o T

FORTRAN SYMBOIL.

ZN

ot “

i <

3 =
~ “

A

D

S e —e
Z -

< -

S 11

" Initial ér};‘izligi:;n -

PHYSICAL DEFINITION

Repatitive term in
solution

Eigenvaluzs
Infinity

Thermal diffustivity
Efgenvalues
Dutnmy timé vaniable
3.15415926
“ensitv _

Bou:dm condition
tim& functioxs -

As;umed soluttcn

'Press!ire

S,eady stsj,e
Tranaient

_:Counte;ja

i e i BOLP Y L oy o

ooy o

Moty o
I

N

7

- B
=
>

b




AFFDLTR-85-183
SECTION 1
INTRCGETCTIONR
The oopductinn of keal through 2 sleh is gosormed by U2 Dollowing partix differential
equatiorn, :
_ g r 21 g1
"é—‘ i I 2 Co—5— 1‘ - i1}
For conatant thermatl éﬁﬁzsxs'z’.;, iz %La.izs simpliiias to
i AN 3 " 12}
5 x g g & - i
The exact .:ai_éim mtEJ@BiEEmiéfsmm ia terios of ag Infinite series, This report 1
develops the amset sslution for sohibrary Inifial conditions =nd time depernient boundary con-
ditions, The sclution hae besn prograrured in FORTRANM for an IBM 7054 compuier and tee i
scures progeam listing is mm:eé in 5;:#&,::: I, *

SECTION E

o . o "*‘i‘w‘"x—”&uﬁ'ﬁi ?&"ﬁ%ﬁ;iﬁ‘f}’ﬁf{’

- & BOW &3&3‘2’ fO’v‘DfEﬁ‘?S

Tae getsral solution of En;iﬁtésn {2} st f;ztisfg arpifrery in.gixl apd tim &ependort
baunﬁz:? condltions sﬁicu can s 23';33;‘."-*.."..:7 incth fam"’h':g forms-

Tix, 1 = #ix) o H
. -1 S - '
;{ _AL_ Kig T= Fod, () x=0 , (4}

:',1_7' 7 - o ’ - Kgggq{ + Kﬁ T = FL f;.‘r ()&} 2 =1 ] - iS5
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- whuts fHe E:ﬁ*;;’é?a 2 nsts I%tingdzié‘zerentv&iues of these cosfficionts ﬁ:ctates fhe mode

of hsef trznnfoy preseut af the ‘x‘bﬁdm By various combinations of constants, the imposition
of surises temperahz%, cenvection, hoat flux or insulstion is possible. A more detailed

‘jisz‘i wigy oo the iaterprefation of boundary conditions {s contained in Section I,
@sfxcazia.m,” ) ) :

- SIS s M‘
Do ) ‘I‘ﬁ} & - - t - )
B ] ~— g %
BRIty :Fizzmi é;~ Georiotrioal Bepvemtatm IR

"’h& a;‘fmi"??‘ﬁﬁ ot Mmﬁi’a aﬁpergosition ﬁzﬂorem i:f.; acf:&‘mt fqr tha tzzne depelﬁiant
_ toundary copditicns ngeessitaled Drsaking ths zgistlon info 4. transient postion satisiying
- m\";f.ﬁi sondtiing, gl a Was:i;g stats plug ‘transient with. =10 inttiad mn&i}zf.msk

c.:izxce Pl restrizzﬁiﬂn his beezz placed on ihe Ioucdiry coodwans ot the time- dammney
“rgs e ekpresged 19 8 product of a thog funcHon and oue of e standaxd boundacy corditions,

it i3 asreftry posaiilié to solve the equamm% rﬁygactmg e %mxe vaiatanm then modify
thﬁ suitim W accma* fori -

'Z"zxa ;'smdivm 18 firat ssim;;il:ﬂezi oy :hma{:;g ﬂ;s cv:s‘;*uﬁon mt-& ia.'c parte- a steaév state
;mfziaz,, 'i"s(x,m% ,satb’fﬁmf the azni frz&zg bcmda‘; enndition, und atzansiepiportion, 'I‘.}.{z,?} ’
aa??*sfyizgi& ositinf temyﬁmw d?ﬁa‘im.ﬁan apd “*’,cm,ogensau& bsmﬁaxy eongitions,

- B ‘SYEATH STATE BORDII 2%~ 07 S
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S —e T Jf_«gﬂ;;ée Sl , -
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T ] : N , S s
Kei ““5;"‘ + Kge T = Fi o k=L : L tey

Substituting Bquation {7} luto (8) and {9) ylelds

Ky A ¥ KoB = Fy ‘ Rt

[}
wry
L
¥

. ot

L
n
r

o Ky A xgzi-m_ + )

The constants of integration, A znd ’6 can mow be evaluated z‘rom Equatxcm {10y and {13} In
order to keep these expressions in generai form, thr solution is a;ccom;»}is}wﬁ oy Cmmez"
rule with the result

. Kip FL“‘}"& Fo-" {12}
- - th KggL - (51; Kzg" K;qg ) .
B {K7i+ 5{2? L) F - Kr! FL _‘"- i V‘;gzl
K;z ?{32*‘ - mugza‘ %12 x2:3 -
C. TRANSIENT SOLUFION

A product form of solution is a.,sx.med ﬁ,r ﬁquat on (“}. and desismated oy %t 0Bl %
stituticn into Equution {2} yis

L Tne T gjgé =é—x’®” S | -
R e P us)

w%h"h raquires tha:i each cf these fmit;tic:zs be eguivalent %a some, &8 vei;ar}aitzarg cong a:zt.

Then setting this constant equak tsx,B ® resulis in two-oxdinary diffevential equations-of the
form . s g . N h

L @' +apf®-o0 - gl

e

, X"+ BPx=0 67}
- Equation {8 hag the exponéntial form of solution

S =g, 0B {18
whersag Equation {17} is satisfied by : S
e i‘%v.)

XAx) =z Cieos Br+ Cpsin Bx

<

L

N BRI sl L I N NSt i LTS 5 v i tandonnrins

g

M-
5 i ol

e G 45
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© The solutisn @ Hegantion {2} i then

- -

2
T (xd! @’ ii‘}‘ cos x4 Ca sin 3:{} [Cce'aﬁ *}

(20}

. This irsasiost %ss}fm‘QR t’r;{m.g:f xt.\ﬁsfy the initiai tempsrature distribution and homogeneous
boundary conditicay as followss.

N o Tiw 1) = #{x) te 2 (:3,
| o x,‘ ?f‘?l * Ky T=0 %z o .
qu-‘?m * ka0 x= L (22)

" Noto fizst that'ths @5,,;.;; "

stant ﬁ oy neexm&lmted since its effect can I}e included in C and C,,
Ta evaluats he ﬁmmﬁg ecnﬂtantﬁ substituts Equation (20) into Equations (3), (21) and {22},

S‘A‘ﬁﬁtﬁi}xﬁﬁﬁ of Equation {20} inéo-(21) ylelds

- ‘ KegCi K, B © / E {23)
~ from which-we obtain - T : '

P S P —-,;——-K"B s {29

At this ;;olnt it bacomes nscessary o impore the artificial restrictivn that K12 # 9, in exder
tha,,t, c&lmﬂatisns mﬁo:med on the computer romain bounded,

*Snbafihzticn of Equation (2()) into {222 vields

- [—zf.zg.aos‘« 8 - xﬁsm BL}C; [ﬁg;ﬁ cos. BL+ xgassn Bdc,, 30 (25)

'I‘a @‘bm.n ‘2 yontrivial Eoméim or Cl andc + the determinant of tnair cosfficients must be set
aquai to zern, This yields the fal)ovdng tmnscemenm eguation,

ﬁi.z ; !
: : ton 2z = gis K 2% 4 gzz Kig L 7 - el
where - . -
= BL _ {27)
- and )
D = Ky, KaamKie Ky S {28
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Equation (26) has infinitely many solutions (eigenvalues), and we shail denote thess by Zo s

where n = 0,1,2--. The remaining constant C, is evaluated by substituting our solation

2
into L‘quation (3) in-oxrder that the initial temporature dlstribution bs- satiafied, It 13 ubvicus at
this point that, in general, arbitrary functions for the initial temperature disizibution can nof
be satioffed using only one value of Z and 02 We are thus required to expang our inftisi

~ condition and our aclut*on in an inﬁnjte serica. Then the coefﬁciant C, becomes C, pad s
evaluation prcceeds a8 follqws. “The tofal solut‘;m at this point can be expreseed

T(R ﬂ s Ax+B + cﬂ [sm ﬁﬂ g- ﬁ - 2OB 311 x \g-éﬁﬂ %293 ]
g ) -

Impc» ing tne pmblem initial eo'xditimf yields

V Knﬁn n 126
T (x, 0’ 7 l\X’*‘ B 'i‘% Q;a ngq B.r - 'fgz cos ’8“ m} {39}
" Rearrasging V o
‘ P Tk ‘ g -
f(xl - (AH-EB) s § tq {sm Bn L 3 -—}T'(;é“- cos -3;1 2_&} 3
@ . o: : o

Siice the 8ines and cosims form 2 complete setof: oxthoganal fxmctmns. the < ’:3 cmxl;a

eval.).ated by nm}bplymg‘boﬁ! sides:of: Equation (31} by

’ [sm ﬁy x-q,.!.’.é‘l cgs BH } :emdizategrat;ingi’mmzaert:vt«:’fri.f.ac

: Th‘ué! . ) : = ) :»: ‘7 j'-:’ o -7 V»'-j .‘;

} [f(x} - (Ax-!’B)] [sm BM Ri ~"‘§<‘z'§i_@3 BN ]d’f" .

o

=0

By orthogoxw.lity this inﬁegrahcn produms ncntrivzal res@ts only an: the cage-of o= k
Thpremra .

e o] i o 5w ]
- %:n N TR — e

S K, 5
A {s?n ;99 R~ Kaa 7ce§ an]dg»

e

tw K | o K”B .
‘£ 2. Cn {sm ,6‘,, x = z—gjéicas 3,, xj [zm #ﬂx-"‘-‘%—';ﬂ 08 EN ]dx {32)
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The denominator of € can bz svaluated directly with the result:

f— [ ;5::

a} dx = 2,@ {’-’n "ﬁﬁ}i%i_{

‘ K K B .
+ 8in zp cos 2, [(—-!%%‘)2 "} * 2(“—%5'2&) amazﬁ} {34}

Collecting the formulations reguired for problem evaluation leads io-the expression of the
solution for tims independent boundary conditions in the form

'i‘{x,!) ax+8

® LL [f(x)*{ég-&%)} {Yn{x’,}ér. " 2,
+ z -

T [uoade s
{4{“ {x3 I g% - -

""f‘\’;:z Fi.“*ea“’e} : ‘ : A
A "';. Kuiﬁgg&."g ’ : i -

"““a!‘*'gzzi»}"* 5‘:; t..}

Yﬁ {I} 21335 ﬁ;‘ X - A%’!E ‘CD2 gfg A} E: ’ 7—7:. -- 5,3‘5}_ .

- ) 1an=2;;

D, MODIFICATION OF SOLUTION E&’JR TIME DEPENDE Z&T Bﬁﬁﬁ}ﬁﬁ? 26’*'331'}3!‘ *as

Duhamel’s su;erpasihon integrel is now applifxi to th&gsle:*cn, .:i;_u..tiﬁ_!} ﬁ-z:;d’tm,e )
for the time vavying boundary comiidons. . B. Hﬁdeb*aa& vesmesaﬁzs!‘zintb »3::’&*

Tl = Bloet g+ { ¢ (o) + f e*‘ﬁﬁfa A gf‘;g a5 j fz;a;. e} :j B
-'This formulation is based on @rtmnlmitadons, tsn%a“sr, which st oo s?.::;inv&:}. Tha first

iz the acsumption of zerc initizl gonditions, This zestriction iz g‘iminaéeri o f %W*aem‘a a

*Hildehrand, F, B.. Infroduction %e: Hufgerical ;_nﬂyais, BicCr:w~ f-ﬁi Bou tﬁr?gg. Ing,,
New York, 1856,
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7 £apaTate problem, buasess oz 58 plvar qutial conditions ang bomogensous boundary conditions,
. The sclution of this prohlam s adied & Equation {41}, The second sumplification utilized to

oktain Equation {41} wa< o holione poundary af zero and consider the remaining boundary fo
vary with tims, ¥or our pmiblsw: hoth boundaries can vary with Hime so we make use of the
suparposition principle onee again by varying firs{ one boundary condition and then the other,
with the remaining boundary held at zero. The fwo results are then added. Note that ix)=0
for botk these solutions,

E. SOLUTION OF INITIAL CONDITION PROBLEM

For the given injtial condition, Equation {3), and the homogenscus boundsry conditions,
Equations {21} and {22}, a **zor0” steady state solution i obtaived from Egquation {7); Le,,
A=29 B=¢ Employing the given initial condition in Equation ¢35} then yields the dezired

resull,
.I: f{x} [Yn iz}} dx
3 LL {‘i’n (x}}géa

F. UNSTEADY STATE SOLUTION
The steady state solution, T4{x @), employed in Equation (35) is modified to Teix,m) (1)

in Equation {41). This result can he viswed as the steady state solution to a problem with cur
boundary conditions, if those conditions were “frozen’? atthe instant t, and remahed constant
ast —c2, Since our boundary conditions vary contimecusly with time, it is not possibie to
reach a sieady staie condition. Thig ezplains the title employed for this section of ike report,

{Yn {x}] ) -4 Bi* ta2)

Tyln,0)d{flcan be obtained immediately from Bquation (7), u-ing boundary condition

Equations (4) zed (5) inplace of 8) 224 {9). Too resultis - -

7 Ts $U1= G =nim : - {a3)
;< FeofL @ 1) ~KauFp dyte)

- Kiz Ko s LD

G. TRANSIENT SOLUTION {(TRAE VARIABLE_BQUI;’DARY CONDITIONS)

The transiont solution for boundary condition Equations {3) and (5} must be evaluated in fvu
parts 28 irdicaled in Section I D, First, consider the conditions .
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with

§{z) = © {486)

Equafions {#4) and (@8) foxr A and B are modified by lstting FL = 0, with ths resuit
2 " Keofs ‘?o 1)
= 47\
EN 5‘221- b ‘ i

(Ko Kool g, (1)
Kie Keal=D

0 {48)

Toe irapsient solution is obiained by Subctih:iizxg thssas resulls Into the transient sclution
Equation {35) with the regult

Al : :
(-8B Br) Y(x) dx [ - "55:*

o
T © :[::o 01 {‘{n {x}}:dx

Simflarly for the-conditions

{439}

8T
Kn 37 % Kie T

t

L]
-
[2. 0
wir

{3

37 L |
Kai g € Kea T = FL @ () (20

f{xl= o : (46}

and letting F_ =0 in Bquations {41).aud (45}, with the result

K F &

By s

- ’K"FLcéi. (‘5
T Ky Kpolob

wa obtain from Equation (35) the transient sokution -

- L . - .
"t x - BL) Yy (x) dx o pt
j;—g 2 LY{;{“}} -4 G% ! (32}
(] j; [Yﬁ {2}] dx 7

v

Kmxz;z'n . (501 -

s Dty
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H. COMPLETE SOLUTION FOR THE GENERAL PROBLEM

"Tae geesral form of the complals zolutioes was expressed by Egquation (41}, Collecting the
eolution: obialpsd in Eguations (42), (43), {49} aud (52), and substituiins into Equation {41),
yieidz the final yesull, .
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772 {E,‘l’} = ’ﬁ% + {% {0} +j; -1 ég {X} é}k} TT!) {2t}

‘ ¢ oeBfN
+{g w0+ [ AR CHUEL PRI

e
)

&T"R\"FT A

¥
bl

ER
.:\{gj, NV
{

1

f- PR U

LR LAt
.

AT

I

CRRAN.
(y TN
L7~
|
«

i
ﬁ-‘u W

3 ., N N
FRVEE | R
AR
TP . Ry x v
2 leensiun Wons Rl
!
1
i

‘ ~ -

A -
L osd -
f 3

et ot b



- 3
7 AFFDL~TR~-56-189
' ) SECTION I
APPLICATIONS

The generalized bougadary conditinos utilized in the mathematical formulation can be
Bp%cialized to bandle a mnber of physical pmb!ems. For ezample, takae Equstion (5)

_a%?. + Kz T=Fp ¢§_zm (5§
Agpropriate choloss of the mdicatara lead o the followisgs
™ Pwescmaed constant. atitfsce ﬁempex‘atme
: Iéf:fcm 0 Ky = 1,¢L{Ax- 1, B -appﬁed:tempemmz% -

T - A Bw - [ o

R T X rx\a‘“?'mmﬁféi'xiszam - - o “ ST - - -
’ Letxm KB, X,, = a.éboq =1, F, -applieéﬂnx: S
-G Insﬂatedhmahry : I : . - _
et = f@Kzz 0P L= LEL 0.

d. m&atbaﬁsfsratﬁmsnﬁace{eomectba}a S ‘ ‘: 7 =

MK R I RGN P SRR
i

Let%l 13,1522--175.¢L13\3~1.E --hsr R L

o mmmammﬁiﬁma{wﬁnmﬁzmm =

S ?: {7-?“"’ o L g
wﬁere k18 theusua.. mnvectivau"aatm&r ecefﬁcxent per unit. arw. -
o €. Signconvenﬂon. “ - _ o 7
M  The s:gzxmnvemomssucwmamsmes si_g;amcatesﬂmmiomeiaﬁy.
' The boundafy conditions described in “a A “1P aéavamazbe arbitzarily vaciod 'adth .
timebygﬁﬁyﬁxgﬁwapgmpﬂateﬁmefxmcﬁm,¢ﬁﬁ3. :
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SECTION W

COMPUTER PRO&:RAM FOR SERIEE TRANSIENT .

ANALYSIS

A. DESCRIPTICN

OF SLAB HEAT TRANSFER (STASH)

The program described below was writlen to solve for the temperature distribution in a
one~dimensional rod with arbitrary initial conditions and ﬁv*e-v&rying boundayy conditions,
STASH is coded in FORTRAN IV for the IBM 7044-7094 O Direct Coupled-System, Fiftzen.
subprogramas make up the program, - each of ‘which hasa qpacxfxc taskto perform. These

7subprograms are listed belew,
i ;dAm - .

.SOLVE 1 -

(SOLVEZ -

SOLVES -

Ts-c;m- EE; é::: ‘_‘”V

FONCX.- -
* - FUNCE —-_"
| mTERR -

7 2;4—' T PHI’O{V R }"«‘_

PH’:‘ -
emmmo -
-

sorx -
Fi.ggre 2 i3 & simpiﬁieﬁ

] snbpfmgrams discugsed ai:ove., :

f:'freadsmt..marda*ﬂ ifpzcsent R "}v‘f:; .

reads in datay sets up ca!culationst and -
prints. the resuits,

“golves the. elgenvaiue equation for- posztive )
vames a:ﬁz.?fi (see Appendix II) )

solwesihe eﬁ@nvalue equatic)n for mgative .
values of BETK.-- -~ :

solves the eigenvalue equatlon for a.zero
vame of DETK, -

solves the eigenvalua eqs:tatxon Ior DETK infmite.
Simgson!s rule integmtion routine. _ »
..,sts x;o the mﬁegz‘amfortbe xmtegral A

sets -ud t&efateg:and for ﬂze)\ mteg’eal

‘p,ﬁrformslinea. mtmjgaa, *i,z;ar.aﬁmzdata L S

d’eiines ﬂ-'ﬁﬁie vaz'ymg bounﬂa.ry conditmn at -
_x=E :

deimes the hme varyinghouﬁda.ry conﬁztion . - .
atx=1L T -

 dafines tha derivatwe of tho hme-vm'ying
Mazy conﬂitioﬁ atx -0 . -

éﬁﬁesﬁe dsrivative- of the ﬁme-vazyhxg e
baumary condition at x = L_ 3 .

&fmes the initial cendmons in the :m-d. )
fiow chart éepictmg ihe tran.:fe:f of ﬁmomatian bsfween Ahs

11
e e e - e
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-B. INPUT

Th.rs are basically two types of inpuf. data to “’1‘.—‘:5'-1, the physical parameiers arcd tha
problem paxameters. The phys.cal parameters ate ihe chargcleristics of ihe rod and the
conditicss to which it is subjected. The problem paracelers are s acoursacy parameters, the
calculation conirols and the print controils, -

The row. is characterized by four hasic quantices: length, mass density, thermal conductvily
and specific heat, The boundsary conditfons arc icentifiedby the indicators Kn, Ko Km, Kype
The magnitude of the hounary conditions ic characterized by the irdicators Fy and F;. The
magnituds of the ir,itial conaitions is simﬂaﬂy chiracterized by the Indicator ¥,

- Since the s:zluticn -MAay be requmed atany siaimncmkmdfor ¥ givenpo.rl in Hme, &2 s
_ convenient {o specify a lengih increment and a Bme increment a3 mfut ?3:3111&‘;2&. A fimal
ime Is also specified to termirate calcalations. The accuracy of the soiution is basically
governed by three ;actoxs. the accusacy of the e:genvaias, ihe uzm;-er ol berms i e sefies
. portion of the soiution and the numper of inlervels laken in the mumerical infegralion roulice.
In the interest of maximum flexibility, each of %ﬁ»se guaxtities was made an ingul paremeler.

L A e e
ETRALL

R o TRENECIN

Information may be input to the peogramintwo hkasic forms, Tue first pe is e dato card, B
There will always be seven.cards infthe dais deck, H the tabular date option is used Dlere may -
be many more, The seccnd type of inpul-consists of FORTRAN IV slatements ofich may Ic
inserted 1nio the subprogra:s defining the fnitial arza bourdary corditions .o the rod, Ar

- example problem using both types of irput is givanin Section V C. Delailed instructions oo
mputﬁng tbe dats cards are-given belozs bics the foﬂowmgfomat.

I

-

oy 1l
\

'(1) Caxxi :mzmbﬂ-x énd eonteni’s

i

R @ memm ‘nama for contents - ) — ;
13) Formatof cam input mxerenced to fgrma;staiemgnf ml.%r 7 ’ ‘ ?’,"f'

; '7{4)‘ Desc pt.onoieackvarmnle ontheqard - - o _
: 1 Data uarCs - oy T ) 7, o - "f;'

~Cardi Intermediate prim‘. optmns I R T
- JPR}LT{I): pW(Z): 5931‘5?{3\ = - z "»»',77 i
5600 womw@fsm

A . JPRE’TU} prints %ries portion Gf semtion term k D}f ferm ]
- o . ifaonaisentered.lfmprintiséesireéenf 2 z=5e,

,aﬂmz) prims unsieady £*,at,. portion of the solution :f g :
. 7 azem.eﬁfere&ﬁ@p;‘xn%ﬁu&i:?ﬁ@i&razew. :
J?RHQT(.;} prints sa’ution for eigenvaines ¥ # one IS enlerad,
hiy naxmnt is é.sired eaﬁ*r a ZAro.
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Card 2

Csxd 8

Qard 5
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X
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Titls Card

JUNIT, TITLE
1 FORMAT {2, 13A6)

iupIT | - an inGicater which prints cut the system of units

to b2 used in the problem. See Table I for a Jist
of systems pretiently contained in the program.

TITLE ~ any alphanumezie information through column 80,

Physical Parameters (ail must be ia consistent units)
L, K, RHC, €D, DELTAX, DELTAT, TIMEF
2 FORBMAT (TR10:9)

L length of the rod

K -7 thermal conductivity i

RHC msss dengity »

CP epscific hoat

DELTAX _ incrementof length 00 incfements maximum)
‘DELTAT i;cijezgzeizt.of time ;

TIMEF final time (initiat time @isjzero}‘

Boundary Condition Indicators -

Eﬁii IQ-2' K%lo IQZ B h
3 FORMAT (4E10.0}

w0t indieator for g—;—iaixr‘ g -
o o X ) .

Ki2 - indfcator for Tatx =0

K21 indicator for 9L atx = L

K22 indicator for T atx =L

Funaction Muliiplying Factors
FO, FL, FX ’

4 FORMAT (3E16.0}

FO _ coatficient on function & R
FL coe: afent on function g, (B
FX coefficient on function £(x)

i4

s



i

TABLE 1

SYSTEHS OF UNIT® STORED INTERMNALLY

IUNIT LEHGTH MASS TINE WEIGHT EHPERATURE
1 INCH SLUG SEC |  pousp FAHRENHELT
2 INCH SLUG HIF FOUND FAURENHELY
2 THCH SLUG HE POUNT FAHRENHELT
4 FOOT SLuG SEC POUND FAHRENHELT
5 FOT | swe | - M  pouND FAHRENHETT
6 FOOT sLuG HR  row FAHRENHELT
7 THGH POOND SEC  roma - FAHRENHETT
8 INCH POUND | MIN [ PA°D | PAMRENMELT
g mor | 20UND R PoURD 1. PARRRENETT
\ 0 |  ror | rouw 1 s N vedm:z 7_ *‘&éézmm;r
o | FOOT POUND m{"—_ woum | I’AHEE‘;EEiT
12 FOOT POUND HR . POUND . PAHRENHEIT
15

b dve 3 S I
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Card 6 Caleaistion Paramsters
NTERMS, BSTEPX, NSTEST, NTAB(1), RTAB{2}, NTAB{Z}, NTAB{),
"NTAB{: )
5 FORMAT {513, 511)

NTE&#MS - gumber of termig in the serieg-portivn of the
solution {400 maximiom)

NSTEPX - number of intervais for the X-1odegration
NSiEPT  ~ numbsr of intervals for the A ;mtegzation
) - . NTABf} . - f;agfartaﬁléi\t? o B : A
: ' NTAB( - flagiorfable2 | NTAB(-=0 Do motuse Tablo
NTAB@) -~ faghrtbled 3 |

5
B
&
'

i

 flag for ta}}le 4 | NLAB@ =1 -{Jsef'Z’ablg’

ATy NS

NTABYS) - flagforiabled |

e’v"f

SR
e

1

R
T
G

™y
Rl

X NSTEPX or NGSTEPT s sro &2 prograr: sets e value of the reapective istegral to zero,

Cerd 7 E’igenv:iluaiAﬁé’lﬁt&n‘i’g‘?fﬁgfz’éﬁs - -

6 FORMAL B10.035) . -

ig;mﬁz_, T e éiiferéf&e tetwenn v -ssucc':sﬁsivs iterations

: ) racegsary & dafine convergence 1o a root,

TFEEMX - - maximum—numbsr & iterations to b= made in
: N seaxching fo2 2ach eigenvalue.

e v T P
f' \“. A S i) o' bl

Al
e B e S

IR

If no tubul=r date is-to Bo used, this is e lest card in the dsta deck, If tabular data i to be
an input, hewsver, 2he following format will br wepd. . -

noll

i
.fffﬁ}{

1T 4

q!‘t\‘&éf‘
P

Card i Table Mumbor snd Comments

Nrn

HTABLS, COMMENTS =

-

o
m.&:\
TN,

FORMAT (5. 20m, 508 . ) -

e ;ﬁ
A

NTABLE  tabie numSer

MMW«

TV ey
A

COMMERIS  auy slphenumszie informstion In colunis 25 through 80.

\mj: :
e

T
l::
A

UATUIS
: o

edwir ki,

Lot

o

Kh

5
¢

e o o o o £ A M e T e

e

SN

" N
e 0 o I AN o A R 8 A P M AR s e

T A SR SN e

34 WS Wi

vaigy BN e,

Yo

S Sk,
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Cardz ’I‘almlar Date ((2 to 50 data u&*‘ds per table)
IND\:AB DEPYAR, bCIMMENTS
FORMAT (6X, 2E10.0, 55H }
 BIDVAR inﬁepéndent variable
DE??&B dependent variable

COMMENTS any aiphanumeric lmormatign in columns 26 mrouiah 80

Cardd End fo Table N B i

S '
ff“C»RM&"' (i5)

lae

: _m negaﬁva«?f table namber

SR SO < -

Sy,

: There are- ﬁv% fanles pmviﬁu m the pmgmm, wtuch am as«igned a3 fouow
- - Table 3. :;13,31(;_; S

]

Taler . B .-
R %"”3 CPHIPRO S <o

. ;é
35

M "ﬁl‘aﬁzeﬁ ywx 7__::1_::.,«;_ ﬂ 7’ 4 :

:- ) %;
<§ H
. %)

F;gure 3. ssows £ symbolic 6am d%ck. & aamg‘ie ptoblam is generazed in detail n Section )
:W C }

2, Sub;?mgrammpnt(’:ar&ﬁ 7 B R :

PR If ﬂ’a: tabuisy dsta optionas mtuse&S"‘&‘:‘}’t ;::;imli&yt,a %ha requimd Tunstions internaﬂy using
’ ”'OR'{'}!AN szatements &8 lo»idud m tha suanfams at mmgi}aticn tima. The sifected sub~
zr&gmm& are: ) }

3 FUHGTIC)N B . _
/-*vacz PHIL R 7
FUNCTION BHIFRG . - - o . : o
FUNGTION PHIPRE
| FUNGTION FFX : |
" Aa the initiad or bszzndavy ronditicas -change, carﬁs ocnz‘ ining tbe functional statnmex,t of ths
v&ziatica must-ba mgerten, Smce #ii the above functiaxgs have an associated mﬁﬁplying Aactor
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it is convenient !¢ use normalived functional statements in the subprogram. Thus, if we
entered the following card in the FUNCTION FOFX
- FOFX = 1,0
we would cbiain the initizl condition
f(x) = FX

The program (Appendix I} contains subprogram statements corresponding o the following
initial and bourdary conditions,

q’>0{2} = const
: q‘;L {t} = const
qé{,z(t) =0
_ ¢ =0
' ; i{x) = const
€. SAMPLE PROBLEM
Consider a rod, ten inches long, haviag the following properties:
K = 10 Btu/br-ft-°F
i 3
p =500 b, /gt

_cp =0,1 .Btu/lbm

‘We wish to obtain a time historyof the temperaiure - disTibution through the vod which Is
subject to -the following boundary conditions

TO, H=t
TeL, 1= 0

The initial sonditions impcsed on the rod are: -
Hx0)=0

For purposes of iflustration the intermediate print option will be calied out on card ore.

¥ne first task in seftl g up the problem is to decide wpon a system of units {0 smploy. Since
the length of the rod is given in inckes, we shall choose the inct. as the usil of length, For a
transient study a small tims unit is degirable, henca, the second beoomes the unit of time, The
remainder of the system of units I5 deferminad by the temperature and mass units, Golng now
to Table I, we oblain the correct valus of TUNIT. This indicator along with a suitable title
becomes card bwo In Figure 4
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Card thees contains the physical paramsiers of ths system in the sgs&:m of units called for
by the indicator, TUNIT. Theoe paramelers are:

L=10in K-=5502314 Ba/tn-sec-F  RHO = 0,2895 zbmi—sn.“

CP=0,18 Bﬁzfl‘n DELTAX = 0.,5in., DELTAT = 100 sec TIMES = 1000 sec

Since we haws only temperature boundary conditions we set Kil = K21 = 0 zod K32 = ?‘22 i,
This Information i3 entered or card four,

The functions defining our initial conditions are
¢ =t p (=8 i) =0, S A =L FTA) =0
We cau iake advantage of i€ wndiions aireacy SO n the program by using FL = P_ o

2810 aut the apprcp:ate functions. We then zan use ¥
condition. This is shown on card five

"The calcuiation parameters are entered oncardsix, A series sohnion conlaining twenty-iive
terms is completely adeguate for this problen. Since the indtial @ndiﬁm mm,tiog 8 zoru, WE
‘set IBTEPX equsl to zerv. For a Sirapson's rulfs integration schrme Dty steps shoul:: suffice
for NSTEFT. Our choice of multiplvine fzciors on card five ensbled.as to-do much of the
function calculation inferzzily, However, io elimipaie recompiling any portion of the program
we used $a3ie§ Wdefine the funetions. ¢ (&) and 95 (A}, Thuswe set HTAB(1} aad NTAR(D
L 'emmcmandﬂgmsteqmmaero, -

For a solution wit tamperature boundaries only. tu:eigonvalues I:f-r.som.e simply ny . Thus

~ the eigenvabie parameters have little meaning, Rowewer, for-a more compiex case they would
have a significant effect on the solution so lhese parumeters should be made as stiingent as
requirzd, Typical values are enteréd-on .ard seven.

Cur choice notf to recompile any su’:@ragrams leads to-the use of tables one and three, The
first card in eacl. table is gteble éesxgnation pumber, The following cards contain data points.
The last card of each-izbls contains the negative of the table designation mumber and is a ﬂag

mgnamng&e end of me b:.hle.
e This, then is ihe dafs deck for the sample problem. The assemhisdépcx is shown ir
Eﬁé Figuze 4. .
a
= ' D. RESTBICTIONS
£ Certain restrirtions must be adbered fo in ordar for the solution fo bhe successiul, Violation
e of {bese resivictions will usually produce an errvor message from the computer program.
QG_ ] ) i - :
i & 4 consistent get of units must be empl@yed. An indicaor is provided on the title card
i which uﬂi Iabel the sysiem of units on e culpul. I this indicator is omitled, the following
F’ error message is printed.
&gg SYSTERM OF UNITS NOT SPECIFIED. TUNIT HOT ENTERED OR ZERO,
L_ This messags merely informs ihe user of this omission, execution of the groblem is not
Ty terrminated, -
. 2
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b. Kn and- K12 cannot !;e zexo simtﬂ&meaésiy. Similarly, %ﬁ and !522 canmtrbe Z2T0-
sxrmx.‘xtanecnsly. These situstions lead to an undeflned boundary, The error messsags below
reaulls from this case. .
i ~ BOTH INDICATORS AT ONE BOUNDARY ARE ZERO - .
e K, cannot be z670. Tius is asﬂmewhaisﬁiﬁo..i mstriction zmposed by the formulation ‘
of the problem. Jn a physical sense it prevents i peasibﬁity of the unsolvable Neuman
p:oblem. EKIZ iz ze¥o-the fouow’in,, 87TOr Message xsm'inwd -
- ) _ “ORMISLATIOH DOL - NOT PL™MIT mz TO BE ZERO
4. The numbar of integratmn intezvals must & wen. 'l’hzs “estnction azisec from tke f
. computer formulation of Simpson’& rule, Iian Qe T umbér z&entez:ed, the followmg error _
 messagsrequlfss e —— - —==
%
HUL‘.EBER oF INTEGRATIOBE INTERVAIS IS EJO"" EVER ;
be b F-7
€. 'meeo ,..a:nrcgta_fn gemerates an error messaba if toe- i‘me incremant or- ﬂxe length § -
= Fucrement Is:zero or negative. Thig message 'eads, s ) ) ) %: <:
A - "‘EEE OR LE&&TH mCRnMENT B ZERO CR NEGATWE V :g
f. Theinjﬁazhmefor@ﬂh?mg»amisﬂero. - o }5
Co- g. The program uses even increments of tune :md Iezgih. The maximtim numberof lang!h 7 % - j
mcrem.,nts mtma}nmﬂi‘eé. ) ) o ) o . i
QUTI’UTW-: o .
'i'he cﬂt;nzt generated hySTASHconslstsoft?m segmsnis‘ the inpat: éa&adx@lay &:ﬁ tem;}era.- :
tve:profiles-which are always geperated; and the intermediate print-whick: is-controlied by'the
firdvcard in-thedafadeck, Afterraadingﬂ:«e data, STASH prinfs-it out -alyng wdth- mnt:abie titles ]
gnd Neadings as shown im Figure b K the ezgsmalaa pojution.is rsquested a-fable-of the ]
imenvslues, and Horations, is-prinfed as shownin Fizare 6. Intermadiate -print options-glving
the valure of the séries and tbe zmstzadir state: produce oufput-as.shown in Figurs 7foreach . ]
station almg the glab at each Hme siép, Figure 7 aiso. shcv;s the- xoz'm Q£ ﬂsetemperann\z : ]
pr#mesas g\%era‘ed ateach tnne step. oo o oo - ]
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)  SOLUTION FOR EIGENVALUES .
ROOT NO ' -

- - : Z

) - : 0.15767952E 01
A 5,47123838E 01

- . S "~ 0.78539814F 01
-  0,10995574E 02°

0.14137166E V2.

0.20420352% 02
- 0. 23581844F 02
: - .. 0.28703537E 02
1 - B : .- 0,29845129E 02

D WO T D LS N

" Figwes. Somgle Outpat {Ceise 4)Showing Bigeavalue Solution
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SECTION Vv
CONCLUSIONS

Several classes of problems were runto checkout the program. The results were compared
with a finito-difference heat transfer program (LTA) which was doveloped by Lockhesd
Alrcraft Corporation. Thess results were examined for accuracy and speed of convergenee.

The infermediate print feature of the prograin was wsed to deiermine the convergence,
Examination shewed that convergsnce was quite rapid, usually less then ten terms, for constant
poundary ccuditions, away from tims gero, Mors terms were needed in the vicinity of zevo
time to produse convergesee. For timee-varying boundary conditions, the gerias does not
converge very quickly. However, a study of the golution convergence showed that a twewy
term sories using one hundrsd iutegration steps obiainsd results within one percent of the
LTA solution for times exceeding cne hundred seconds. At smaller times a fifty term sorics
with one hundred integration steps was required,

Appendix I eoxtalns the sesulis of five check problems compared with the regalia From the
LTA [inite difference pregram,

No compariscen i8 made &f zero iime gince thy- program obtains these values {rom the initial
conditions rather thanirom ageries caiculation. The curves are plutted from data generated by

the program. Cass I is the sample probiom detailed in Section IV C, All other cases uged the
same physical parameters. : ]
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43BJCB STASH  FAP - S $TASHOGY -
SIBFTC HAIN FO&724XR7 - . LEASHOIZ
c - ’ 5T4ASHOUS -
< GCENERAL SOLUTICN TO THE ONE-DIMENSIONSL HEAY TRANSRER PRAGLER  3IT45HDDS
c nx:a TIHE-DEPERDENT SOUNDARY CONDITIONS AND- aaezfaa§¥ INETIAL STNIHOGS
£ CoNDITION - STALMONG
T vsav!ﬁa 2 ’ STASHDOT
¢ YERSION 2 CALCULATES ZERD TIKE USING SUUNDARY &MD -[EITLAL tﬁ?@’}’ﬂS?ﬁsﬁOD’
¢ YERSION 2 INCOARPORATES A RULYIPLIGR OR THE INTVIAL COROIFION FURCTSTASHOON
< AND BOUNDARY CORDITION FURCTIONS 10 PERNIY TIE ;sa aF &cﬁhaL*zsa STARUILY
o FUNCTIONS . SYASHO L
¢ - - -7 STASNOLZ

EXYERNAL  TFEUNC, XFUNC . ST - STAZHGLR
CIMENSION TEMP{I0S),TITLE{13) EICEN{IGS) - ) - 2TASHI1S
DIHERSICN JPRINT(3) o T .- STASHDLIS
QIHEMSION NTAB{S) - T 3TASHORS
REAL K1IBN.X1EBNZ so- STASHGLS -
REAL KIIK21,K12K22 STASHOLB
REAL LIHITeLaK, LﬂPBDAsﬁUﬂXSSQHUﬁSSpKFPﬂIgKF#HXO'KFPHIimKi K12 STASHOLO
Ls®21,K22: Ke KTERM L yRTERRZ - -TEYASHO20
CONHON ToXsLAMBDAKTERRI LKYERRD AVPHA oCTAN CXOMNGL, qubﬂﬂlsﬁftiAbTASHD21;—a -
IXeDELTAT ¢X11 K212, K21K22,FX,NTAR S'éenu¢g<
COHKON/ROCIS/NTERNS Lo ITERBN JHEIK IR, K12K22, LIXET SYVASHO23
COXNOR/PRINTZIPRINT srASHozs
c STASHN2S
C FORBAT STATEHEMTS . STA3HO2%
C STASHO27
H FORBAT{1Z,1346! $TASHD28
2 FORHAT{IE10.0? STASHD2Y
3 FORHATISE10.0) STASHOO
& FURBAT{3ELD.O} STASHOS1
4 FORBATLIIS SIL) STASHO32
& "FORMATI(ELU.0515) STASHO33
13 FORMATELH1429X,13A8) STASHO34
2 FﬂRﬁATi13098Xg&HLEHGYK:IZX;THYHERHAL.IXX THDENSETY 10X, 8HSPECIFIL ,STASHO3S
111N GHLENSTH, 13, 4HTINE, 16X, SHF INAL 724X, 12HCONDUC TIVEITY,, 28X, 4HKEATSTASHO 36
291X SHINCRENENT 49X s FHINCREHENT » 12X HTIHED STASHO37
22 FORMATIIHO s YX E15e853%pE15.0,4%9E15.842%+E15.8: 313X, E15.58)) STASHO38
30  FORMATIIHA,35X,60HBOUNDARY CONCITION IHDICATORS FROH THE DIFFERENYSYASHO39
TIAL EGUATION//36Xs3HEL1, 160, 3HK12: 16X33HK21,416X,3HK22) STASHDALD
31 FORBATIIHEZ,,S5X, ISHRULTIPLYING FACTORSZ64X,3HFOR/A5X, 40HBOUNDARY ANSTASHO#A(
18 INITIAL SONDITION FUNCTIONS//30Xo4HFLO0) 30X AHFIL) o+ 30X, 4HF{X) /7Z25TASHOA2
25X+ 2{EL15. 04 19X )4 E15.8) STASHO43
33  FORMATIIHG:29X94{E15.844X)) STASHO%4

66  FORMATIIBA,51X¢IOREIGENVALUE SOLUTION PARANMETERS/ /42K, 8HALCURACY,35TASHOAS
20X GHNUBBER UF/F44XsSHLIMIT, 31X, LOUITERATIONS//39X,EL5.8+26X415) STASHOAS

120 FORHATIZBX+SHINCHy 14X 4HSLUG 14Xy 3HSEC, 16Xy SHPOUND» 13X, LONFAHRENHESTASHOAT
11v; ] STASHO4S

330 FORBATI28X4HINCH; 14X 4HSLUG . 14X 3HRIN, 16Xy SHPOUND s 13X, JOHFAHRENHES TASHOAY
LT STASHOS5D

140 58?#AT{283,4HLACR,iﬁx;éhSLUG,LSX:EHHR;ISX,SNPOUHDoIBXgIOH.AHRENHEISY&S“GSK
171 STASHO52

150 FORMATVEZBX,4HFCUT, 14X AHSLUG 14X SHSEC: 16X SHPOUND ; 13X, LOMFAHRERHESTASHDS3
:iv} STASHOS4

160 FORMATI28X,6HFCOTo 16X dHSLUG 14X a3HMHIH, 18X, SHPOUND 1 13X, 1OHFAHRENHESTASVOLS
iiny STASHUSS

176 FORBATUIZ8X,4HFO0T 14 Ke4HSEUG s 15 Ko ZHHR » 16X, SHPDUND, 13Xy LOHFAHRENHEISTASHOS5Y
188 STASHOS8

180 FORMATI2BN4HINCH, 14X SHPOUND, 13X 43HSEC,, 16X, SHPOUND, 13X, 1OHFAHRERHSTASHO Y9
. 1EIT} 3TASHOSG
190 FOAMATEZAXAHLKNCHy 14X, 5HPOUND, 13X 43HMIN, 16X, SHPGUND, 13X, 1ONFAHRENHSTASHOG]
137} STASHOSZ
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(4N aEe

(s R RalaNe Xyl

VOV OO0

303 FORMAT{1HA,S54Y,22HCALCULATION PARAHETERS//Z26X. 15HNUMBER OF TYERHMS, 15TASHOAS
15X IFHRUMBER OF INTERVALS, I3X.19HNURBER 0F (NYERVALSAZSX, 1IN THESTASHDGS
7 SUMBATEON, 1ANXG21FFOR THE X INTEGRATIGN: 11X, Z1HFOR THE T INTEGRAVISTAZHOGS

ICNSF30%315, 28X e 15,264, 15) STASHO&S
332 FORMAT{1HA, 63X . SHALPHA) - STASHOUS7
1002 FORMAT{26%.5£15.8) STASHDGE
1003 FORMATIIX4E15.8]) $TASHDAS
1100 FORMATIZAN AHIALH, 14X, SHPOUND 14X 2HHR » 16X SHPOUNDy 1 3X, 1OHFAHRENHESTASHO 70
11T $TASHOTL
1110 FORMATI{ZEX 4HF{CT+ 14X, SHPOUND 1 3% ¢ 3HEEL s 16X SHPOUND, 13X+ IOHFAMRERHSTASHO 72
1EIL) STASHO 73
1120 FORMATE2BX,4HFCOT, 14X SHPOUNDG, 13X e 3HMIN 16X ¢ SHPOUND, 13X » LOHF AHRENHSTASHO 74
1EITH STASHUTS
§130 FORMAT{Z8Y . 4HFLOT; 14X, SHPOUND ¢ 14Xy 2HHR y 16X, SHPOUND, | 3Xs 1OHF AHRENHESTASHO 76
117} STASHOT?

1840 FORMATILIHA,45K,4CHPHYSICAL CCORSTAKNTS TO DEFINE THE PRUBLER//59X,15STASHOTS
IHSYSTEM OF UNTTS//727X 6HLENGTHy 13Xy AHMASS s 14X 4HT IME s 14 X 6BNE IGHT s STASHO 79

213X L IHTEMPERATURE) STASHOBO
2002 FORMATI{TN 4HTIVPE s22X+42HTEHPERATURE DISTRIDUTINN ALDNG YHT R(OD AT STASHOSL
1 ¢330 INTERVELS) STASHO82
3003 FORHATI{IHI} STASHOB3
3333 FORMAT(IMO,SBY E15,8} STASHOHS
0G4 FORMAT{1HA,63X4H0ETK] STASMUSS
4444 FORMAT{1IHO,58X,E15.81) STASHOS6
5000 FORMAT(SIL) STASHOBY
6100 FORMATIIH1, 25X 2HY=2,E 548y Unw2HX2,E15.8//45%X426HLIRITS PERTIGN OFSTASHORS
¢ SQLUTION//14X 41BN 16X« 4HTERM, 19X FHSUMMATION// STASHO8S
6110 FORMAT{LIOX,IS5,10XyE15.5,10%5E15.81} 5TASHO90
3200 FORMATILHO,40X,34HUNSTEADY STATE PORTION OF SOLUTION//35Xs1HX,25%,5VASHO9L
$4HTEHP/ L) 5TASHOO2
6210 FORMAT{28X,F15.8,20%,E15.8) STASHD93
TERROR=0 STASHO9S
STASHO9S

INTERMEDIATE PRINT fOPTIONS STASHO96
STASHO9T

READ{S,.5000} JPRINT STASHO98
STASHO3IS

JPRINT=1,PRINT INTERHEDIAVE CALCULATIONS, JPRINT=0,00 NOT PRINV. STASHIOO
JPRINT{1)=-%enIFS PORTVION OF THE SOLUTION TERM BY TERM STASHIOL
JPRINT{2)-UnSTEADY STATE PORTION OF THE SOLUTION STASHIOZ
JPRINT{(3I-SOLUTICN FOR YHE EIGENVALUES STASH1IO3
STASHIGA

READ {S+1)IURIY{TITLEL ) s151,13) STASHLIOCS
READ(S542) LKy RBO,CP . DELTAXV DELTAT ST IMEF STASHIO0S
READIS3IKILX12,K231.K22 STASHLIO7
READ.D141F0FLFY STASH10R
READ{S55) NTER¥S NSTEPX,NSTEPT,NTAB N STAZSHI09
READ15+6) LINITITERMX STASH1LIO
STASHL1L

STASHi1Z

PRINT INPUT DATA STASHLES
STASHILS

TITLE - STASHLILS

SYAT 4116

WRITE 60 20 {TITLE(T)-i%]¢l3) STASHIL?
57asHlle

SYSTER OF UNITS SYASHIL9
STAZHLI 2D

HRITE{S,1140) SYASHL2:
IF{IUNETLEQ,0) 48 TO 5500 STASHE 22

GO 7O {192,103+124,105,3G6, 107,108,109, 310,151, 1125113) ¢ FuNET §7A%HMi 23

STASHIZ4

102 ®RITE(5.120)

29

A

A e

[P SR VRITN LI% (U

[I0.5 RPN TR

o

et



AFFDL~TR-88-109

103
104
ios
166
107
311,
109
ilo

11

i12
113

5500

[xXxNgl

(2K el g/

[adcE N B Ra Ny BN « < Ko BN s ¥ o X o

LTS (9 £ % 69 09 0% 6%

299%

| TEST FOR TABULAR TATS

L
(=]

£0 To 9599
WRITE{&4+1390)
GO YO 9999
WRITE{4,140)
60 1O %999
HRITE{6.150)
G0 TR 9399
HRIVE(H,160}
60 70 5998
HRI{TE{H,170)
60 YO 9993
HRITE{6,180)
60 TO 9989
URITEIS,150)
GG ¥0 3999
KRITE{6511€0)
68 T4 9999
BRITE{6,1110)
GO TO 999%
WRITE{6:1520)
€0 1O 999%
URITEL6+130)
T0 70 9999
bRITE{5 55501}

PHYSICAL CONSYANTS

WRITE{S5,20)
WRITE{6422) L KoRHG,CPyDELTAN, DELTAT» TINEF

BOUNDARY CONDITICKNS

MITE{6+30)
BRITE(O337K11,K12,K21,K22

FOLTIPLYING FACTICRS

RRITELH, 31RO, FLLFX

CALCULATIGN PARAMETERS
kRI?Eié!iﬁaiﬁ?fﬂﬁs9§SYEPX'ﬂSTEPY
EIGENYALUS SOLUY AN FARAHETERS
BRITEL5:86F LIFIT,IYERRY 7

£C 30 Isl,8
IFINTABIZ I HE. O ALt YASIN{D)
LONTIRUE

IF TABLES ARE USEQ,THEY ARE ASSIGNED AS FOLLORS

Aot FUNCTICN pRfeiTl)
Eda FRESTION SRILET)
£ FUNCTIECN PHIPBO{LANRDA)
#0e% FURLYIEN PHIPAL{LANRDA)
2045 FURLTIOK FOFXIXS

L%
]

STASHL 2%
STASHLI 26
STASMIZ?
STASHEZ2Y
STASH] 29
STASHLI O
STASHI L
STASHIZ
S5TASH133
5YASH1 34
STASH1 S
STASHI 3
STASH1 3?7
STASH! 38
STASRI3G
STASHLIAO
5TASHIGY
STASHLI 42
STASHIAS
STASHI 44
SYASH14S
STASHL 46
STYASHLAT
STASHI4B
STASHI49
STASH1 50
STASHISE
STASH1 %2
STASHIS3
STASH15%
STASHISS
STASHLISE
STASHLS7
STASHISSA
SYASHISY
STASHI 6O
S1alilel
SYASHIG?2
STASHI &S
STASH1GS
37434165
STASHLIGS
STASHIG?
STA5HIs8
TASHILG
STYASKLI G

CP3NLES B
—ITAPITII T 4

STASHIZ2
STARHLTS
SEASHYTC
YAGHLETS
STALHL 7S
57TAsSA4L77
SYASH178
STASHLTY
STAS4iB0
3TASHIBL
STASHLE2

. STASH183

5Y4asHi8s
5TASHIBS
SYASHLIE:

mermomindasira s $4 SRR 4 by 3
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ANV

243

249

250

[ X e Nyl

251

(2 X2k g

ERROR CHECKS ON IXPUT DATA

NUHBER OF INTECRATION STEPS MUST BE EVEN DR ZERD.
1¥ IER0Q YrF PRCGRAM SETS THE INYEGRAL EQUAL 7O ZERO.

IF{NSTEPKL.EQ.0) GO TO 248
IF{RODINSTEPX,2},50.0) GO YO 248
EREITE 1645553}

T RAOR=IERROR+*1

IFLNSTEPTY LEQ.0F 6L TO 249
IF{HOD{NSTYEPT, 1. EQ.0) GO YO 249
RRITE{4,55531

TERROR=ILRROR+1
IF{{DELTAX.GCY.04)
& {DELTATCT+007}
s 60 70 25

BRITE{6:5551)

IERROA~TERAROR+1

IFITINEF.GTL0.) €0 TO 251
%RITE{6,5552)

IERRGR=IERROR+1

K1Z CARNOY BE ZERD DUE YO A RESTRICTION IN THE FORKULATION.

IF {K1Z.NE.0.) GO iD 252
LRIZE(6¢5555)
1LRROR= TERROR+ 1

CHECK FOR URDEFIRCD STUNDARY TONDITIONS.

IFf{{K11aRE.Oa)oURA{KIZ2NELOGTY
. «AND,
*!(SZI.HEiO-);ORuiKZE-NE;O.?))
* €8 YO 253

WRITE{6444)

1ERROR=IERROR¥1

IF{IERRDOR.GT.0} 370P

WRITE{64333)
PYI=3.1415926
ALPHA=K/ {RROCP}
WRITE{6+3333) ALPHA
EETK=¥11a3K22-K129421
ARIYE(S6+2004)
RRITE{6.:4444]) DETY

CETERMINE CONSTANTS FOR USE IN DO LOOPS

CENOM=KLI28K225L~BETK
CONO1sKilueX1Zey
CONOZ=K11#e2
CONO3S{K1Zal)>e2
CON04=FL
CaNUS=K119K21
CONGO={K128K22u{L422)}
CORDTSDETKSL :
CONGB=F0

CONO9=K1Z4FL

LIA8H18T
SYASHISE
S5TASHLEY
STASHIO0
3TASHIGE
STaSH192
STASH1I93
STASHLIYS
STASHIOS
STASHI9G
STASHIOY
STASH) 93
$TASHLI9%
STASH200
STASKHZODL
STASH202
STASHZ203
STASH20%
STASK205
STASHZ20%
SYASH207
STASH208
STASHZON
STASHZ1O
STASH211
STASH21Z
STASHZ13
STASH214
STASH21S
STASHZ1S
STASHZI?
5TASH218
STASHZ19
STASH220
ST4SH221
STASH22Z
STASH223
STASHZ27 4
STASH2 5
STASHZ26
STASH227
STASHZ28
S5TASHZ29
STASHZ230
STASHZ3L
STASH222
STASH233
STASHZ34
STASH23S
STASH236
STASHZ37Y

STASH238 -

STASHZ2329
STASHZ 4O
STASHZ43
STASH242
3TASHZ&3
STASHZS%
STASHZAS
STASHZ246
STASH247
STaSH248
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CONIO=K2ZaF0 ) STASHZ4Y9

CON11=FO7K12 STASH250

LORIZ=K1Z=DFNOR STASHEST

CONDBExKL2 w02 : STASH252

K11K21=K119K21 STASHZS3

K12K22=K120K22 STASNZS4

¢ STASHZSS

c CETERKINE CIGENVALUES FOR SERIES SOLUTION STASHZ56

c STASH297

IF{{K11K2" _"0.0. 1. AND. (K12K22.EG. 0.3160 T0 %00 STASHZS8

IFANET .. 27us300,160 STASH259

100 CALL SOL' EL{DETK,EIGENHTERHS) STASHZ60

6o To 900 STASHZS1

200 CALL SOLYE2{DETK,EIGEN.NTERHS) STASH262

60 TO 960 STASHZ63

300 CALL SCLVE3(DETKEIGEN,NTERHS) STASHZ 64

60 TO 900 : STASH265

400 CALL SOLYE4(DETK,EIGEN.NTERHS) STASHZE6

c STASH287

c SET UP INCICES FCR DO LOGPS STASHZ&O

c STASHZLQ

300 NTEMPT={TIHFF/DELTAT)#1.5 STASH270

ATEMPX={LADELTAX 14145 STASHZT1

KRITE{6,3003) SYASH272

T==DELTAT STASH273

O 199 NY=1,NTEMPT _SYASH274

T=T+DELTAT STASH275

«=DELTAX STASH276

DOYIHX=1, RTEHPX STASH2T7

IF{T.£0.0.) GO TO 299 STASH278

X=X+NELTAX - STASH279

SERIES=0. STASH2BD

FFEJPRINT{1) .NE.O) WRITE(6,6100) T,X STASHZS1

c , STASHZ82

c SET UP LOCP 70 GENZRATE SERIES SURHATION FOR TRANSIEMY SOLUTION  STASH283

c - $TASHZA%

£09991=1,NTERHS STASH285

ZN=EIGENL 13 : STASH286

9 GETAN=IN/L STASH28T

IN2=LNes2 : , STA3H288

- ZOENQPEINZSDENDM STASH™39

SBNX=SIR{BETANEX} STASH290

CBNX=COS{BETANSX) STASH291

SIN=SINIINY STASH292

CIN=COS{ZN} , STASH293

KL1BN=K11BETAK - STASHZGS

K11BNZ=K1 1BNo w2 STASH295

IN2SIN=IRZ#SIN - STASH296

EXPRULSEXP{—{ ALPHA® {BETAN) 382)0T) STASH297

% SUMCONSBE TANe { K1 28S8NX~K11BNCBNX 1/ £ ZNe (K1 1BN2+CONOS8) #{KE1BNZ~  STASHIOB

£ 1CONNBB) #SINeCIN~2. 8K I BNEKL 22 {SINERZ)) STASH299

gt KYERHI={ { CONO1oZN2SZN~CONDZ 8 ZN2SIN+COND 3L ZNaCZR=SIN) 1 /Z0ENDH = STASH300

EE 1CONT4 SYASH301

== KTERM2={ (CONOS =ZN2SZN¢CORDS® { SZH=ZN)+CONOT = IN® (1.~CZN) ) /20ENOH) = STASH302

e 1CONOS SYASH303

e KEPHILaKTERHL#PHIL{O.) S1ASH304

7 KFPHLO=KTER¥25PHI0(O. § STASH305

) KFPItI=EXPRUL® { KF PFI0+KFPHIL) 4 STASH306

2 §F{NSTEPT.EQ.0) GOTO 399 STASH307

e TIRINTSFIAT(Ou T sKSTEPT o TEURC) : STASH3IGS

g 60 70 599 - $TA3#3109

[ 359 TIMINT=O., e ~ STASH310
o d
| 3”’)?%
o5
P
[%
=4
T
Loz
L’,%‘i

a2t b 0 o

e
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£277 P1/3.1415926/

,,,x/iiﬁgg =NEYK/IK12R22:L)

801
799

800
850

- 860
870

99

g0
939 -

neo

it

TE

$1BFTC 50LVZ

r
<

(2]

IFLIPRINT(3}.NE.O) URITE(G,6300)
C0999 1=1,NTERVS

AN=T

IFIK11E21:EQ.0,) €O 7O 801

GO 70 7199

FF{ABSISLCPE).LT.1.0) GO YO 800
20 {2. 2HN-1.32(P1/2.)

GO YO &%f

ZDBiZ-GHEih jetPl72.)

EQUND=0.0

0 9 =l ITEREX
L=DETK'L’ZO/IKI1K215209524K£2K22‘L"2)

* IF{ABS{SLOPE}<LT.1.0) G0 TO 860

Zl=(Nﬂ~i.36?l+ﬂTAN(U’
GO 10 810 .
2ISNNSPTHATARIU)
IFLABS{ZI~205LT.LIRIT) GC 70 9
IF{BOUND.EQ. (21203 60 10 5&
80UND=Z21-20 -~

Z0=ZL )

TR(JIPRINT (3} NE.O) unxrets,53101 z,qu.zxt
"CONTIRUE -

WRITZ{6,11) Itlfﬁﬂﬂx - -

sTQP - L
EIGEN{L)=Z1

%0 TG 999

blGEN‘I)‘(Z!#ZC)/Z. o
CQNTENUE . ) -
RETURN - .

ERRCR nessnses - "z -

STASHATS

STASH3 T4
STASH37S
STASH3T6
STASH377
STASHE78
STASH379
STASHIHO
STASH3S1
STASH382
STASH3E3
STASH3B4
STASH3IES
STASH3 B8
STASH3ST .
SYASH3SS

STYASH369 -

STASH3%0

- STASH391

- “¥TASH3G2
. -STASH333
- STASH3iG4

STASH395

. STASH39%

STASH3I97
STASH3I9E
STASH399
STASHATO -

STASHAOL

STASH4D2.

STASHY03

- -.STASH404 :
. SY&SH&0S )
. T STASH&O6

FORKATL 10X 12HRORT HUHHER yfv722H5§D NOT CGNVE&GE L?TER:I::IIH ITESTASHROY.

- IRATIONS)

END o
?9412,x37 . -=

svaaav SﬁLYEil?EKK,ETGE&,&TER&S)

SOtVES ?ﬁﬂll1‘°D“L'Z/(Kl19K21*l’92*x22=KiZGL!921-

TIMENSION EIGEN{HTERMS)
GIMENSION JPRIMTA3). )
DINENSION NTAB(5)

" REAL. KllKZloKlZYZZpL:LIKIT,hH

“REAL LIH!T.L,gsLﬁﬁBUR,HUFXSSQNUHSSrKFPH'fKFPHlOvKFpﬂiltKiltklz
 Le¥21vK22s N KYERKIGKTERM2 -
- COMMON TyX¢L§HBOAgKTERHItKTERHZyﬁLPHﬁ;BET‘ﬂyEXPﬁbLyCBNXgSBNX.UELTASTASHQZZ .

IX.UELTAT,KIE,K12,K2),K22:FX  NTAW

CG&#Ed7HQP?S/ﬂYER¥SsLiIYERKXgKLI
COMHON/PRINTZJPRINT

1X12K227L?H!X

STASH408
STASH4A0S
_STASHALO
STASHALL
ETASHGIZ

T STASHA413

T STASHA LS

STASH&LS

| - STASHS416

.STASH&#17

> STASH418

STASHE19
$TASH420

- STASHG 21 -

STASH4 23
STASHSG 2

STASH&25.

6300 FﬂRHﬁT;IH!;%&X:Z#HSOL&YION FOR EIGEQVALUE [IZéX’IPROOT NO¢ SXo.IHITESTASHG26

sRATION, 10X 1HU, 24%, THZ/ /Y

6318 FORHAT!Z@X;IB,!0!}53:6!,&&5.3;1&Z{E’5.8)

CATA PI/3.1415925/
IFIIPRINT{3).NE.0) WRITE{6,6300)
-£0999 I‘IerEkFS

ANel

'ZO“(HH?I.!!PL

850 BOUND=0.0 - - -

34

SYASEQZT
STASH4 2B
STASH:29
STASHS30

STASH431

sTasks32
STASH433
STASH434

v
o s s et

o

.
b b oy N B i YW MR .

o

o

B ST S el s

P P VRN

-

Fr—

'

Wit opuet

£

w0

P S
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£23z PL/3.1415%26/4
SLOBE »DEIK/{KI2KZ25L)
IFLIORINT{3),NE.O) HRITE{(,6300)
£0999 i=I,NTERKS
A=
IFIKI1H21.EQ.0.} €O 70 801 -
G0 7€ 739

801 SF{ABS{SLCPE}.LT.1.0) GO 10 800

799 20%{Z2.akN-1.)={F1/2.)
5a TO 850

BOC OW{Z.shNel istPI/2.)

350 EOUND=0.0 -
£0 €9 f=1,ITERNY
USDETKSL®20/{K11K2122086 24K 1 2KZ24L852)
IF{ABS{SLCPE) LT.1.0} 6O TO 862
Ii=(NN-T. Z5PI+ATANIU)

60 10 870

650 Z1=NASPI+ATAN(U)

270 IF(ABSIZ1-203-1T.LSKIT) £0 70 o
IF{BOUND.EQ.(Z1-2C1) GO TO 90
SOUND=21-20  °
20=21
IFCIPRINT(31.ME.O) WRYTE(6,6310) 1yJ,UsZl

99  CONTIKUE
KRITZ{6+11F I, ITERMX
sTop

9 EIGEN{L)=Zl L Tl
- = CETASHROY

LTASHEEY
IETASHGNE

wg T4 999 Lo - :
90  FIGEN(I}={Z1+2C)/2.0 LI - T
939 - CONTENUE e

RETURN -

ERRCR HESSAGES

Mo,

it FORMATI10X, 12HRAQLT KUKBER ,*3;

- IRATIONS)
END
$§ = .‘ B LR
SIBFIC SOLVZ  #94/2,XRT- I
c sszaourx NE SGL?EZ(CS!&.E’ﬁ”@;ﬂT§R§51 ' R
£ SOLVES ?ﬂﬂ(E}=°D°L’Z/(!5Z’“‘1*1492¢§22'K129Lt§25 E
C T

TIMERSION EIGEN{RTERXS %. o -~

FIKENSION JPRIRTIZ) - -~ T i

GINENSICHN NTARB({S) - : " - R

REAL KLIKZI'ﬁIZYZZTdJ 1’?2?:‘:;'31 .- i
REAL LINMIT,L, nvtﬂg"ﬁ:”ﬂikféi&m*gp31 KFasty 5KFPI“:0;-‘F?"§£~L‘ Kii kié
1521+ K224 R KYERR (L SRS

STASH2IS
3TASH3 74
5TASH4TS
STASH3T6
STASH3YY
STLIHXTS
STASH3?9
$TASH3IHO
§TASH3BI
STASH382
STASHIgY
STASRHIBS
STASHIES
5TASH3Be
STASHIBT
STASH3IES
STYASH3E9
STASH390
STASH3G9]
STASH3Q?
STASH373
STASH3GS
SYASH39S
STASHiIGS
STR3IH397
SYASan&
SY&SH&??

.__si}*ﬁ&b’
“ﬂﬁ%ﬁ‘
SFESHEDS

AIAEWL TS

lﬂ FIESTARHEYT

{ESHS 08
FEATHG 09
STAaSHA1D
STASHG11
STRSHRIZ
ZTAZHS 13
3TASHA LS
STASHELS

- STASHSY s

STATHETZ
57ASES1S
STASHA £
STESHE20
STASHGZ]

CONEGN ToX LENBDA EIEREL, KK «mz-kaﬁhnzsxYaa.:x*url,ta%a ﬁ&ktBEiYASTA:H&Z7

IXDELTAT X1, Kle;ﬁﬁifxs,,, ;KT o
CORKOH/ROPTSFNTIBES 11T 34 },5ékq =~“22?72gh? - -
COBHON/PRINTY S JPETRE - W

ETAasng22
STASHA 24
SYakHus 25

£300 ‘GR§£¥'iﬁ;a§6ayx<£A¢h5§§'¥lf’k ‘iﬁ%ﬂ%ﬁfﬁcsf!2§¥;?AQ13? BOe SX, FHITESTASHA2E

BRATION, 10X 1223 X 1HE/ /3 - .
6332 fuaﬁxrfzsx,x3,.,p¢aa<351245'afﬁéxééz,.w=
CATA PIf2.13185%53 7 j"‘-,<:" : ’
IFLIPAIHT {3 ) %5, O3 uKITE & 5346}
COGS9 123, ,NYLRED \h‘ . ST
Hi=f
-20= {HHeL. FaRY
850 BRUND=0.9 -

[

34

SYASK427
STASHAZE
SYRSHe29
STAGHS 30
STASHS3L
STASHS32
5TASHSE 33
STASHS 54

e
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e D o T

- AFFDL-TR-68~103

B0 99 Je1,ITERPX ) } STASHAS

- u‘BETK'L’ZOI1K11K21¢20’¢2txlZKZZ*LV'Z) STASHA 34
: - v Zi=UHNSPEIFATANIY) _ g STASHG3?
IF{ABS{Z1~Z0) JLT.LIMFT) 60 10 § - 5TASHAZE
TF{RNUND.£0.21~20)) 6D TC 90 . - STASHA39
B8OUND=Z1~-20 - . STASHEAD
20a21 -- STASHA41L
- IE{JPRINTI3Y. NE.O) ualre;o.ezto) 13U 21 - STASHYS2
99  CONTINUE ) STASHASS
aﬂxré(s.Li) i,xreaﬁx ] STASHAGS
. . Svore . - STASHELS"
9 EIGEH{I)=ZL - . ~ STASH4%6
GO 1O 999 . - } STASHA4T
90 EIGEM(L)-t21+207/2. . STASHR48
399 (CNTINUE - - SYASHAEY
- RETURN . STASHESD
C } : - STASHESS
. ERROR HMESSAGES ) . . STASHESZ
G STASHAS53
11 FURHA’KLOX,IZHRUUY &UHBERv,t3e?2HDIB NGT convskce AFT:R;IS:IIH I TESTASHAS4
i o IRATIONS) - - . = _ $TASHESS
T T - = END : : ] ’ . - STASHASS
) -840 : - ’ ; . - - - - RIASHE5Y
C - sIBF?c scha P47 24XRT i o STASHALSE
o ,suaRuurxﬂE saLveatnerx,sisEN.urExa57 . ; STASPASS
} c ) 3 i . STASH& &0
C sonvss IAR(Z)«Q.Q - S - ) STASHAGL
) c ) N - - ] ] = STASHE6Z
- ) - RIMENSION EIG:&(hTERHS) - ] i - S¥ASHS63
- ©. T TCIMENSION JPRINT(3) - o _ A STASH&ES
- " DIMENSION NTABIS} . ie s - S o STASHSL6S
. 7 _REAL RIIK21,KI3K22,L,LIMITANN - - STASHS6S
T REAL LlﬁftsLvKrLA?BER,NUHXSS;NuBSS)KFPﬂngFPHIO,KFﬁﬂILuKI K12 STASH4GY
) } . LeK2Ge K229 Ao KTERH 1 KTERNE: STASH%GB
S . - J LOHKON TaXbLAHBDB;KTER#&,KTERHZ,ﬁtPHA,BETAN:EXPBULqCBHx,S‘NX»EELT&SJ&SHGG9
: i} . 1%y OELTAT e KLL: KI2,K21,KZ24FX, HTAB - ) - STASHATO
- i ccusna?anevsvnrskrssL,ITERax,xtxle.xlzxzz.Ltnxr I - STASHETL
. COHMON/BRINT/ SPRINT- - STASH&T2
- 6300 FORHATLIHI 48X ,24HSOLUTTON FOR EtsEuvaLDESl/zax,Tﬁaoor ﬂﬁy49X:IHZ)ST§Sﬂ573
6320 FORMATEZBX 9122 44XE{5.8) . ASHETA
- . - . BATA PF/3,14159%67 0 o o 5§A5H975
- - ngJPanriaj,NE.o) unltstb,aaooa R ) _. SXASBATG-
- : - ~00 999 _I=1,NTERHS ) - - - N STASH4TT
: T ARxl o - : .. STASHATR
) Z1=RHePl ’ N - T . | STASH4TS
) . EIGENR{II=21 T : STASHABO -
- TELJPRINY(3). NE. 9} wk:?Eia 6320=IJL1 o - SYASH4S1
--99% CONT;RUE v o - - STASHESZ
fTURN ] - L - s - : STASHGE3
T ) St - .- - - - STASHE84
- s P o - STASHA8S
- §1BE¥C SOLVAE  ¥94/2,XRT - . . - STASH4BG
.- suapourxne SDLVE%(BET&;EIG‘&; rsgss: - o - STASHa87
< g - - STASHA88
K sn;v&s Téh(!i= IhFKﬂITY ’ - - STASHEBS
€ - . - - STAS
. 'GIK‘ﬁS!SR EICER{HTERMS ) T STASHS 91
- . - DIHEHSION NTAB{5) . o A - - STASHAG2
- - CIXENSISN JPRINT(3} - - . . ST&s5#593
REAL KllKZRoKIZK22’Lyt!HIT,H¥ STASHSO4
N REAL LINITsL,KeLRABEDARUNKSS JRUMSSKFPHT JKFPHIO KFPHIL(X1T,K12Z STASH4SS
= 1,R21+K22,KyRTERKI,RTERN2 ~ STASEA9S
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I1X¢DELTATaR[1eK129K21 K22, FXHTAD STASHG TG
CORMDN/RODTYSIMTERPS L s LTEARY, K1 IK21.K12K22y LIKET STASHS99
- COMRONIPRINTZJPRINY ; STASHS 00
T D300 FORMATIIHL,46Xs24F30LUTION FOR FrsfnvALuES//?ax.vﬂaacr 803 494 1HZISTASHSOY
6320 FORMATIZ2BX 13,44 %.E15.8) : STASHS02
DAYA PIF3.14159267 - STASH503
IE{JPRIHT{3),REL0) HRZYE(é:&BOB} ] . - STASH504
£0 999 (=l NTERES - : - STASH505
ANw] ] ) - - STASHEO6
A z:xite.sﬂana.ltpraxz.o - - ’ . STASHS07
Eresntita=21 | - : - STASH508
IELIPRINTIS3) JHELOF ﬁ%l!&{5,6320x1421 ) ) STASHEGD
939  CONTIRUE - L ; -STASHS510
RETURR . ’ : . - " STASHS5L]
. ERD o . - - ] 5YASK512
i1 N T . STASHS13 .
“SIBFIC SIMPS  B9L/2.A%T . i - - TSTASHS 14
o REAL FUNCTIOM Ffr?;a.a.ﬂu,si . » STASHS1S
C. : - - - -7 7 STASHSYS
& szﬂsz# METHOS .. - o - - S - - T STASH5IT
.z A3 DWER BCUND : - : - ) . 5TASH518
[ E=GPPEK BLUMD - ) STASH519
- € - hNaXUMBEE OF INTERVALS, yusx 8E E?EN S - STASH520
¢ E~FUNETEON TQ BE z&rssaf*aag ruacﬂisi,FAHe HES? aE oECLAaeo STASHS21.
T4 fxfEaHAL - ) - - STASHS522
c . . STASHS523
e REAL L:a:?,t;zgtzzaba,vupxs ,ﬁunsafzsvai,xFFnsuexfeaxL,xlxaﬁiz STA31524
;1»KZA£K‘2;%¢era§1,xxﬁgaz SIRSHS2E
" TLOHMOH Ye 3o LAHEOA,KTERME, EHZ;ALFH&}BEIRH;EXPRUL;CB&X;;BNX;QEL?&SYQSRBZ& .
o FEsDEL zéryxu,xx?xzzgxzz.ﬁ,nnza i - ) B T STASHS2Y
T EMein B .. _ STASH528
- %‘“gﬁ"ﬁilff\ e S T ;: T LT e R C SY&SH’E?‘ i
- SUHSeDLy - S . - - T - TS o . - " STASHS3G
T 36&&39:& DT e e T T .. - T 77 STASHS3L -
. FaRiT P R T . STASHS32
cuxa:‘sbﬁ,z T TR LT ST T T STASHSS
X ";,/,;;» S e S STASHS34
© - XReBEjuH - - oo e STASHS3S
10 suz,i-..-.imw(xx: - L L e STASHSIE .
EE— #*ﬁ%nz - S I ST © STASH537Y
- O20KK=24¥42 - - o - Tt -7 - T STASHS3S
:xzx,. ST e s T s T STASKE3Y
c- XE=FESH e .- - I SYASHSAD -
SUKG=SUHBH+FIXKT LT =S T S < 1 STASH3AL
20 CORTIRUE : i i T - STASKS&Z
] watzcuﬂ,.xixFi&%ﬁr{S)aa,asaﬁafz,ssuesr T The - T - -STASHS543
T _ RETURH - - . - s Lol - - . STASR5%4%
. E0 - - T - - - E -7 7 STERUSAS
“gs . : T S : STAEHSSS
$IBFTC FUKCX ”QQ!Z'XRT h A B ) STESHS4T
) ‘?UHCTICH xfuucxxx) - . - - STz STASYHS&E
£ - .. STREH5%9
K THISVFUE»¥IOH SETS yp TuEf IHTE&R&&# an I8E » INTESRAL STASH5SG
N . STASH55}
_ CIEEH‘IQH HTARLS) STASHESZ
REAL LINMIY, Lgﬁg&é#ﬂﬂ;;?ﬂ?&bS:ﬂbR$3iXF?HS¢KrPdIﬂiﬁ?PEI£-K1i X1z STASHSS2
195&;572151§7=RQL9¥§IE332 T 3TASHSSS
COHNDY YsI;LRHBB£1$¥SR§11KlsﬂﬁzoilkﬂitBEYAYiEXPﬂbL.CKdX SSHisG'L'ASfaSﬂSES
)zx;zstgr.xax,x;a;xzxgxzz,sx,&raa - ) = STASHSSE
BNXX~BETANENY S STHSHESY
XFU‘czEnPrUiﬁ{SIZ!ciﬂ{ﬂHXXS—KIliﬁifﬁﬁﬁfﬂstBﬂfoiﬁfx!FﬁFX§§X} . TFAsH558
- 38
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RETURN ' STagHsEs

EHD STRSHSED
$* STASHGSE
SIUFTC BUNCY  PUAJZ.XRT SYASHSHZ
) ) FUNCTECH TRUNCILAFEDA) S STASH563
c SYASH5ES
c THIS FURCTION SETS UP THE IMTEGRAND FOR THE LAMSDA INTEGRAL ST4SH565
T STASHS 65 .
} 7 REAL LIAXT.LsReLAPBDANUNESS (XUNSS, KEPHI >KFPUIO, KFPHTIL K1 £sX12 STAHS54T ;
- - - 1R KZ2 0K KTERRILEYERS2 - STASHSsE -
: - COMEOH T,X,L3RSDA,XTERRI,KTEON2, AEPHA, BETAN s EXPRUL,CONY  SBNY,DELTASTASHSAS
X, DELTAT, K11 R12,K28,X22,FX, NTAR ] STASHS 70 e
TERMI=NTERNIoPHIFRL {1 AHBDAT : : STASHSTE -
TERK2=XTERNZePKiPROILAREDAY STASHS 72 .
TFUMCR{TERHIITERF2ISEXPT {ALPHAS[BETAN) oo ) e {1 ANBDA-TE} - - STASHST3
RETURH : STASHETS :
. EMD ) SEASHSTS
STASHSTE
’szaﬁ'c FABLE  FSAZ24XRT | STRSH5IT
: SUBRQUTIHE TABINIILD : STEsH51E :
o ¢ i o STRINSTY 2
ST €~ READS IH TABuLSR £Aia i T STASHSET <
[ ) o STASHSSI E
1 ma F15552F 100553 . STESH582 :
= 3 FASHS83
z - femnms.au,qmaats }D.s 123 ; STASHSEG £
N 23 FORNAVEIHD, SUX34HINRDEPERDENT DEPESDENT/SIX: 331 VARTASTASHEAS z
- S .o el VARIABLES - STASHS2S -
4 FORMATI48X,E15.8,16X,E8%.8} - ) STASH587
- ~a£:u. IEBYAR . . ’ STASH588
S - TTHENSICH NTARISS : - STASESES
T . DISERSICK HTABLELZ)INDVAR{S5;50).0EP¢ x{:s,saz - - STASH550
- ’ . COAMDRFPIDATAL z&cw{,sssuz : : STASHSSI
e CRE2DIS;1} M-ARLELIY - - T STASH52Z
- = . WKITES6,2) XY ELELRY - e - STASH393
. 7 RRITEISS33 - : - STASHS24 B
- ) - 150 J=1,5C - STRSH5SS .
o ~§=Aaxs,nxgxfzm~azzx.sz;ﬂmaz 1.3} - - STASH595 s
- IFINTASLELIF3NF 5],100,110 - STASHSS? - L
1X0  ERITEL60%) tﬁmf;xu’n,nmﬁxn,n . i STA3:HSSR
~ 150 COKEINUE | ) : STASHSSS
SRITELG.S5T rzs:.ﬂn : - ETASHLGD
108 RETURK . . : ) STASHIOL .
S0 LRITEE6.5). : o - - STASYS9Z :
- y _syar - - : . STASHS03
= S - - S ) ’ . STASHSDS
c ’ - . ERRCE RESSASES - - STASHS0S
€ - STASHAGS
- .5 saamzz;ﬁt,ax,srmste KO, 12,594 CONTAINS MORE TH44 SO POINTS)Y  STASHSOY
: S5 ;aar.an;ﬂ »48X: 2THERRDR ¢ TAZSLAR zf:%r BATA} - STASHEAGS
: © . ERDY STASHG0%
g= - : - ] T STASHILIO
1 $IEFIC ENIERP ¥94/2,%RT - STASHS511 :
5 REAL FONCYION THIERP/ TX, 1) - - STasusi2
E T R - STASHS13
;g - LENEAR IHTERPOLAYICS FOR TALULAR BATA i STA3HS 4
= S o ) : s ST25154(5
2 H : - CIREN3ICH RTASISH : STASHS16
C CINCASICH IKDVARIS,S5O0).DEFVARIS,SS) STASHALY
2 . COREOR/PICATAT INDUER,DEPYAR STasusis
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IF{TX-LNDVART L. O3] 20,30,10 STASHAZY

1a CONTERUF SYASHG 22
HRETE146.99) StTasHazs

CALL EXIY LYASHG6ZG

20 IHYERP=NEPVART L J=1 14 (0FPVART I I —DEPVARE T J=13 )  { TE—INDVAR{{, -1 15TASHE?S
BIFEINDVARI Lo S ~INDVAR{ 14 J-1131) STASHLZ?S

50 T4 106 STASHG 27

0 INTERP=DEPVARLE; J) STASHGZS
(06 RETUAN STASHO2ZY
o STASHE30
< ERRCE MESSAGES STASHA3Y
L STASHS 27
R FORMLTIION : 3SHARGUMENT EXCEFDS EXTENY OF YABLE NO.,I2) STaSH63Y
£4D STASHE Y4

f2 STASHG 35
SIBFIC PHIGT ROLE RS 13} STASHG 36
FUMCTECN PHIOITY) SYASH& 37

[ 9 STASH& 3R
3t ThIS FUNCTION CALCULATES THF INSTANTAMEDUS VAL Ur OF THE STASHGL 39
c TINE~YARVING BCUNDARY CONDITYION AY X=0. STASHA LD
i THE FUNCTION PRIQIT) MAY BE (JACED INTO THE PROGRAH $TASHA4]
C AS AN ANALYTICAL EXPRESSION OR AS POINT DATA 1IN STASHGES2
¢ TABULAR FCAM STASHE %
c STASH6%4
EfAL INTERP STASHSRS

HEAL LIiMIToL s HsLAPBDALNUHNSS s HUPST; KFPHT JKFPHIOKFPHIL K11 K12 SYASH&4GG
1oK21oK224 R, KTERHT ZKTERKHZ STASHEAT?
COMMON ToX LAHBDAJKTERMIJUTERMZ , ALPHALBETANSEXPHUL »CBAX+SBNX+DELTASTAS 648
IXsDELTAT KEL X 12+K21 K22, FXoNTAB STALHSELY
CINENSION HTAB(Y) STAGHSSO
IFINTABIN).NELQ} 6O TO 100 STASHLSL

C STASHES?
G PHIO=ANY FUMCTIDN OF TIHE . STASHES3
g STASHG654
FHIO=1.0 SYASHAESS
PETUAN SYASHOSE

e 100 PHIO=INTERPIYY,:1} STASHAST
i RETURMN STASHASE
h ERD STASHSESY
: Se STASHOSO
- SIBFYC PHILY FI472+XRT $TASHESLL
FUNCTILH PHILETY) “YASHE&?

C STASRHLSS
C THIS FUNCTION CALCULATES THE INSTANTANENUS VALUE OF THE ATASHLGS
¢ YIHE~VARYING BCUNCARY CONDITION 4y Xzi. SYALHGELS
¢ THE FURCTICHR PHILIT? HAY BE LOADED INTO THE PROGRAM STASHG6LS
c AS AN AHALYTICAL EXPRESSION OR &S POINT DAYA IN STASRHGST
c TASULAR FCaM, STASHOSE
C STASHSLSS
REA), INTERP - SYASHATO

REAL LIMITV i +Hol AHBDASRUKSSS o NUMGE XFPHIsNFPHIOKFPHEIL K11, 417 STasHaTL
198214822 R, KTERF L KTERK? STASHSETZ
COPHON ToXol AMBDAKYF ML KTERRZALPHA, BETANEXPHUL (U BNX  SBNX,OBLTASTASHATS

IR DELTAY K11+ K12,K23:222,F X HTL5 STASHATS
CIMENSINN NTABES) ETASHATE
IFENTAB{Z2I.NE.B} 50 10 100 STASHGTS

Z STASHB Y
o FHLIL=ANY RURCYICH OF ~ 7 STacHsTE
c SYASKETY
BHeizX. RTA3H5 8D
KETUREN LTASHASL

100 PHEL=INTERPITY .2} STASHAGY
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BETURN STASH&ARS:

FHD STASHAHS

3 STASH68K
SIBFTC DERIIVO ¥F94/72.487 STASHG 84
FURLTINNEMIPRO{LARBDA) SYASHGET

C 5TASHAYS
< THIS FURCTLION CALCULATES THE INSTAHTANECUS YALUE OF The STASH&e 39
£ CERIVATIVE OF THE TIHE-VARYIAG BOUNDARY COMDIYION AY X-0. STASH6WO
o THE FURCTICN HA8Y BE LOADED ANALYTICALLY GR AS POINY TASHS 3T
c BAYA 1M YABULAR FCRE. 5T&ASHs92
C STASHGT3
REAL IKTERP STASHG9%

REAL LIRIT Lo Ko LAMBDALHURKOS ¢RUSSIKFPHI JKFPHID,KFPHIL (K1 ,K12 STASHE9S

I K213 KZ2 N KTERMIKTERM? SYASHEDS
COHROK ToXoLAMBOALKTEREL JKTERH2 4 ALPHALBETANSEXPHUL (C BN, SRNXO:-LTASTASHESY
IX:OCLYAT s RILoK12eK21 K22:FX,NTAB STASHLSS
DIKENSION NTABIS) STASHSR 92
IFINTABI3ILNELCY 6D 0 200 STASHIDD

£ 3TASH: &)
N PHIPRG=ARY FUNCTICON OF YI4E STASHYOZ
C STASH703
FHIPRO=0. STASH7O%
RETURN STASHTOS

100 PHIPRO=INTFRPILA¥BDA, 3} STASHTO®
RETURN STASHTOT

END SYASH708

£z SYASHTOY
CIRFTIC DERIVL P47z ,XR7 STASHT1O
FURCTICNPALIPRL{LANBDA) SYASHT LY

[ STASHTLIZ
DY THIS FUNCTION CALCULATES THE INSTANYAMEOUS VALUF OF YHE STASHT713
€ CERIVAVIVE OQF THE TIHE~VARYING BOUNDARY CONDITICHS AT Xol, SYASHT1A
C . THE FULCTION HAY BE LOADED ANALYTICALLY OR AS POINT GATA STASHY1S
c N TABULAR FORM STASHT IS
¢ STASHTYI?
REAL Ikitmp STASHTIS

REAL LIAIY ;o sKoLAPBDANUNXSS s NUMSSoFPHI KFPHIOKFPHIL %11 4K12 STHESHT719

1eRIFP N2, KTERMIZKTERMZ STASHT 20
CUSHON TeXsLANI0A HTERNI JKTERM2 61 PHALBETAN EXPHUL,CBNY (SBNX,DEL  ASTASHT 21

IR DELTAT R K- P2h - 1 K22 :FXoHTAB 3VASHT 22
SIHERRIUN 15385 STASHT23
IFENTABIAI-RL.3) -~ TG 1f STASHT 2%

L . S5TASHT2G
< BEIPRL=ARY FUTIT,. N urf *IRF STASHT 26
o SERSHTZT
FHIPRL=6. SYASHT728
RETURE STASHT7 29

00 PHIPA < INYERPALEHEBDA. %) SYASHT 3O
RETURNH SYASH7 31

LD AYASHT 32

gz STASHT 33
FIBFTL FX BGLIZ G URT STASHT 24
FURCTICKFOrX(, 3 STASHT35

- STASHT3S
[ THIS FUNCTION COBPLIIES THE [417TTAL CONDITIONS OF THE RND, STYASHT 3T
[ THESE JINIYZAL CORDYTIONS H:Y Bt LS40ED IMNTD THE PROGHRAL STASHY 33
[ AMALYTICALLY UR A3 POIHY DAYA TN TASUL AR FORE. STASHT 32
£ STASHT 4O
REAL ixTEsE £ "ASHTs1

REAL L BB ol LAPRDA MRS U T KFERT A PHTO R (K1 K12 31A8HTS2

Ik ayF. 2o hIFRRL EIERE? STASHTAS

COHBIR T X LABRDS, BTFRBL vy o%7

S RLFHABETAN, FRPHUL (LBNE  SREX,DBLTASTASHT 24
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[0

TRLCELTAT o HLLKE2KI L HEZ,F A NTEB STASHIAS
CLRENSION RYABIS) SVASNT 48
IF{NTABISI.NE.O) G0 YO 130 STANHTAY

< STREHTAS
C FOFR= ANY FURCTICKN OF % STASHT4AS
e ATASHTSH
FUFg=1. STASHISL

= RETURY STAasSHTSZ
108 FUOFX=INTERP{RX:5} ITASHT 52

RETUNaA STASHT 54
] STASHTSS
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APFENIIE 11

IGENVALUE SUBROUTINES
eligeavalues of Fouation 40,

ten =

&

The solution of eguation 33 depends va valuas of ﬁn and which are derived from the positive

pLZ,
S

” 3 {20}
nZf b Ky oKyp L
Sipee we Jre sesking positive values of z the zign of the lefi-hand side cf the equation may
fe assoriated with the pavametes, D, Thus three formulations sre possible corresponding w

U
I3 being positive, negative or zero, Afourth pessibilily is thatl of the denominstor golng to z=ro,
The lust two solutions are trivial. ¥ D Is zero we hags

tan g
Tne solution o this equstion is merely

= g
z n- aw
i the Gencminator of aquation 40 goes to zero we hav

<

b

{54}
The solution o the equation is

ten z, = ¢

{(2n- )7
r . 5

However, if D has a value other than zero the cqualions are solved by an iterative prooess.
In these casez the elpgenvalue suvbroutine has been progrummed to ignors the reot al (L0} since

this produces a trivial solution. The procedure then i3 outlined below for a positive value of D,
We hnow that the solution lies between

{8n-t} 7w
[fn'i} R

£

2 ]i = i,2,3,-""
For a first approximstion to the ront, Z, o WO shall chonse
£ ]
{Za~-1) w7 .
L L {36
Zp,p = ) <61
We then wrile two eguations
L g me
Ya,m Y + Kog Ky L
2t hu %,m-; hzg Mz

7 = -t
Lﬂ;?ﬁ = in-a

(37)
)5 4 tan {0q,m!

. . . th
wWhore the subseripls poand m opefer o the m
then delermined 10 any desired 1IMIT of accuracy by wriling

{58}
iteration foward the n

reot, The root

3
Lo

»
o
~

4
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Zom " Ingmer SLIMIT (53}

3

Provigion is mads in the prugram to Print out the fteration steps should uny trougis oy ati
The asic difference in the solutionfor s p gative walue of D ariges in the firgt approximation,
Z, o TOT negative values of D Equation 56 becomes

Z,

m0 = {ndq) 7 (60}

aud the schuifon procesds as hsfore with Byuatior 53 beconzing

- : -1,
Zr,m = 0T + ign lug ) {&1)

(a1l
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TABLE ¥7

COMFARISON OF DATA FOR CASE |

T . t)=t; T(L,t)=0; T(x,0)=0
TEMZ 2 TEMP @ t=30 TEMP 2 t=500 TEMP 4 £=1800)
L =0 STSH 1 LTA STASH LTA STASH LA
6.5 G.u0 =G,00 | £0.06 500.00 | 500.00 1036.08 | 100000
5.5 0.00 37.39 | 37.38 455.95 | 455,93 930,71 930,02
1.8 27.45 1 27.46 414,85 t 414.33 564,38 &44 35
1.3 13,79 | 13.80 376.5¢ | 376,51 300.87 £00.83
2.0 13,99 | 14.00 340,92 | 340.87 740,02 732.57
2.5 9.76 9,70 W77 1 307.69 651.66 581,60
3.0 6.58 6,59 276.88 | :76.83 625.65 $25.59
3.5 4,37 .38 248,18 | 248,12 571,82 571.76
4.0 2 84 2.8% 221,48 | 22..42 20 .63 51%.96
4.5 1.80 1.51 196 .61 194.56 470,11 470,04
5.0 1.12 1.13 £73.43 | 173,37 421,90 471,34
5.5 8.68 0.68 | 131,77 | 15172 375,76 375,29
5.0 0.40 0,41 131.68 ) 131,43 330.03 329.57
6.5 5.23 [ 24 112,50 | 11736 236,04 285,53
7.0 8.13 © 0.33 84,38 92,34 743,15 243,10
7.5 e.0r | ooy 17.27 77,24 75119 01.15
8.0 0.9% 4.94 0,91 60 .89 150,02 159.98
8.7 . G563 0.92 45,15 %5.14 119,47 119.44
9.0 T o.0) $.01 23.85 29 .84 79,38 79.37
9.5 Y 0.00 6.60 14,85 14.84 19,61 39 47
i 100 0.496 “5.00 ¢.00 .00 1  0.90 0.08 0.0
L ]

%
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e
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TASLE YII
CONPARISON OF DATA FOR CASE 2
T(0,t)=1004t; T(L,t)=10%; T(x,5)=107
TEHP @ TEMP @ t=50 TEMP @ t=500 “TEMP @ t=10Q0-
L t=0 STASH - LTA STAGH LTA 5TASH B LT&
9.0 { 100.00 159.00 | 150.90 £00.00 600.00 1166.00 | 1100.00
0.5 | 100.00 137.35 | 137.38 555,95 355.53 1030.71 | w30.69
1.0 127.45 | 127.46 51488 514,83 954.38 964.35
t.5 119.79 | 119.89 476.56 476.53 300,87 960.83 -
) 2:0 113.99 | 114,00 | 440.92 440,87 840.02 239,97
g 2.5 ) 109,70 | 109.70 407.74 | 407.69 781.66 731.€6
3.0 166.58 | 106.59 376.88 176 8% $23.85 725.52
N 3,5 104.37 | 104.38 348,18 348.12 | 371.82 671,76
4.0 102,85 | 102,83 321,48 32142 620.03 638,96
: 4.5 107 .80 | 101.81 296.61 29€ ,56 570.1% £79.04
5.0 101,11 | 301.13 273.43 | 273.57 521.40 | 521.84
5.5 100.68 | 100.68 251.77 251.72 475.76 475,20
6.0 106,40 | 100,40 | 231.48 231.43 { 430,63 | 429.97
6.5 160.23 | 100.24 212.40 | 212.36 - 385.04 385.9¢
- 7.C 16013 | 100.13 394,38 - | 194.34 343,15 343.10
) 7.5 109.07 § 100.07 177.27 | 177.24 301.19 | 39145 }
2.0 | 100,04 | 106.04 | 160,91 | 160.88 250,02 | 259,93 - |
8.5 100.02 | 160.02 145..6 155,14 1 219.47 1 219.44 |
-t wwo 1 . 100,01 | $00.01 { 129.36 129,84 - 179.38 179.37
9.5 i 300.060 | 100,00- 114,85 114.85 138.61" 135.60
. 100 | 180.60 100.60 | 100,00 100.00 100,0€ 106,00 100,00
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) . TABLE IV
- s CUMPARISON OF DATA FTOR CASZ 3
‘ T(0,t)=t; T(L,t)=102; T(x,0)= 105
TENP @ TP @ =50 ] TEMP @ t=300 TEMP @ E=1000
L t=0 STASH LTA GTASH LTA STASH } LTA
0.0 5,00 5000 | 5.60 500.00 500.00 | 1000.50 | 1006.00
0.5 5.00 4238 | 72.38 450.95 £60.93 935.71 $35.69
1.0 10,3¢ 37.46 | 37.46 £34 .85 424,83 | 874.38 874.35
1.5 15,00 S 35.73 | 34.80 391.56 391,53 B15.87 815.83
T 2.6 20.60 33.99 | 3%.60 360.92 360,87 760.02 1 759.97
2.5 25.00 34.70 | 34.70 “32.74 | 332,69 1 705.66 706,50
3.0 30,00 36.58 1 36.59 306,88 206.83 | 655.65 £5% 52
3.5 35,00 23,37 ; 28.3% 283,18 283.16 6G6.82 606.76 -
4,0 40.00 2.8 | 42,85 261,43 261.42 560.03 559,96
5.5 45,00 _46.80 | 46.51 241,61, 251.56 515.11 515.04
5.0 5G.00 51,11 | 51,13 223,43 223.37 471,90 | 471.8%
5.5 1 55.00 55.68 | 55.68 206,77 - 206.72 430.26 430,20
6.0 60,00 § 69.20 | 60.41 191.48 191.43 | 390,03 3589.97
. 6.5 65,00 - 85.23 | -65,2% 177.46 | 177.36 351.04 356.9%
7.0 78.00 M,33 | 70213 | 164.38 164,34 313,15 313.10
: 7.5 75.00 _T5.07 | 35,07 § 1852.27 152.%% 275,13 | 276,15

‘8,0 £0.00- 1 £0.0% ¥+ 20.0% | 14091 | 140.8 | 240:02 239.98
8.5 | 85.60 <1 ~85.02 | 85.02 130.16 1§ 130.1% 204,57 204.44
9.0 | 50,90 9o.0I° | 90.01 | 119.86 | 119.84 169.38 169.37
9.5 |- 95,00 95.66 | 95,00 1 109.85 109,84 {1 134.61 134.6C
10.0 | 360,00 -] 100.06 {-1060.60 | 100.00 | -160.GD 160,66 | 160,80
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COMPAR. - . LT 5, . FUR 43T 3 ) -
i — rm—c, . T e B e ettt by, -t -—-«‘*ﬂ—:\* m—— Ay
T(O,t)=t; "L, epel ) T(x, 0= 255
TeNP @ TENP ” =50 TEMP & =300 - R
L t=0 | GIiSE ¢ LiA SIASE 1 1ia o+ EE Y it %

0.0 5..3 53,00 | 30.60 500.00 O YO TR SR ST
0.3 5,00 47,38 | 42,18 450,495 45G,5 $3. 7 . SuE.59
1.0 10,00 37.46 | 37.46 £34.85 424.33 22,35 1 EM4.E
1.3 1500 34,79 | 3a.20 591.55 391,57 #i%.37 £13.%3
2.6 20.00 33,99 | 34.69 360,92 360,87 6702 73787
2.5 25.00 36,70 | 34,70 332,74 332,65 706,66 765,50
3.0 30.60 36,58 | 36.59 106 282 WE. 53 535.63 633,59
3.3 35.60 33.37 | 39.3% 233,12 283.%6 656 .52 505,75
&.8 40,00 42,84 | 42.85 261,48 261.42 560.03 559.96
4.8 45,00 | _46.80 | 46.81 241,51 241.56 515.11 5$15.04
5.0 50.66 1 SI.I1 ] 51,13 223,43 223.37 471.30 171,84
5.5 55.00 53.68 | 55.68 706,77 208 .72 430,26 430,20
5.0 60,00 68.50 | 60,41 191,48 191.43 350,03 389.97
6.5 65.00 - 5.23 5.24 177.4G 1:7.36 351.04 356,99
7.0 70.60 @M, | . 184,35 164.34 333,15 113,10
7.5 75.00 75.07 | 75.07 152.27 152,24 275,19 276.15
8.0 £9.00 £0.05 | 30,04 149,91 340,89 240,02 235 .98
2.5 §5.06 85.62 | 85.02 139,16 130,34 264,57 204,44
3.3 90,39 95.01 | 99.01 119,85 115.84 149,18 159 .33

- 2.5 ¥3.09 95.60 | 95.00 102 85 105.84 13a.81 134.60
10.0 | 152,80 - | 100.056 | 100.60 160,00 103,69 150,58 166,09
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AFFDL-TR-£6-109

TARLE ¥

CEHPARISON OF DATA FOR CASE 4

AT

“rh g

[

T{D, ) =1000; q{L, t)=D; T(x,0)=160

TENP & TR £ =300 ] TEMP & <1300 TEMP € t=3600

L =l STEST LTA STasSH LTA STASH LTA
: 160.60 1006.65 1:006.00 | 000,006 | 1000.08 | 19000.00 | 1000.09
.0 | 100,00 §59.95 | 899.90 i 994.85 594,40 $99.85 599 .80
2.6 | 100.00 £02.53 | 872,50 | 989.83 989.45 999.71 995.65
32,0 | 100.00 716.26 | 709.9% 385,08 584.72 999.57 999.53
4.6 | 100.08 £25,43 | 625,30 380.06 478,98 599 .44 599 .41
5.0 | 100.00 550,27 | 550.0% 976,72 976.13 399.33 9y%,27
£.0 | 100.00 486.3871 486,146 | 173.37 972,66 292,24 299,19
7.0 { 160.00 435.25 | 434,97 270.67 | 970.04 $99,16 993,12
8.¢ | 160.00 397 g92-1° 307,52 565.9% 965,08 | - 999.10 9% 04
9.9 | 108,00 .| 375.51 1} 375.02 957,49 957.16 1 99%.07 593 01
10.0 | 100.GD 367.70 | 367.56 967.08 | 966,99 992.05 | 598.99

I -
T TABIE VI - :
COMPARISON OF DATA FOR CASE 5
T(0,00=0; g%, )= 2ot v4x,0)=0

3 d 3 =7 ¥ - $ ] in“ >$£C’/ S ) _ -

, TERP 2 | - TENP @ =300 TOMP B t=1830 |  TEMP @ ¢=3600

L U =0 STASE L7a STaSH LTA 1 SIASH LTA

0.0 0.0 0.0 6.t B N 0.G 0L 0.5

1.0 0.0 126,751 125.08 | 416,51 516.3¢ 431,70 3 431.%9
2.9 0.0 266.80 ] 265,45 1 833.2: 833,68 ; 863.43 863.39
3.0 ¢.0 £18.26 § 416.26 | 125G.77 3253.58 | 1295.14 1295.12
4,0 0.9 $90.98 | SBB.36 | 18669.46 1669.22 1 17z5.9% 1725.82
5.0 0.0 791,36 1 788.17 | 039,61 | 2049.32 | 2i=8.72 | 2158.58
i 5.4 6.0 1v25,20 §{ 1021,51 | 2511.51 2511,17 1 Z3wL BT 3 430,54
1 7.¢ 0. 1297.54 | 1293.43 | 293541 2935.04 | 3022.4% 1§ 3I522.45
8.0 0.0 . 1612,46 } 1608.05 | 3351.52 3251.12 3454.47 | 3434.47
2.0 0.3 1973.03 | 1968.41 | 3789.99 3789.57 { 3385.51 1 3888 .47
10.8 0.0 2381.31 {2376.43 § 4220.90 | 4220 48 | 4318.6% . 43:8.5%
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